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CHAPTER 1 
INTRODUCTION 
An examination of tlie average residence times in the natural water 
cycle shows that, on the average, water that is used once then discharged and 
flows to the ocean will not return again as rain for about 2600 years. Ground 
water residence times are ofl;en even longer (Ven-Te, 2001). This fact, as 
well as different studies about the world water problems, for example a 
release of the United Nations which predict a severe water shortage for 
about 2.7 billions people in the year 2025, urge us to develop and implement 
new water management strategies. One of the "Bonn Keys" of the 
International Conference on Freshwater at the end of 2001 was 
decentralization, which means the development of small water cycles on a 
local level. One recommended target of the Johannesburg Summits (2002) is 
the increase of water productivity for agriculture to enable food security to 
all people without increasing water diverted for agriculture over that used in 
the year 2000 (HRH, 2002). 
The absence of a suitable alternative water source, wastewater's high 
nutrient value, reliability, and its proximity to urban markets are the main 
reasons for its use (Ensink et al., 2002). 
Wastewater reuse is not a recent invention. There are indicators that 
wastewater was used back for irrigation in ancient Greece and in the Minan 
civilisation (ca 3000-1000 BC) (Angelakis et al., 1999; Asano and Levin, 
1996). 
The use of wastewater in agriculture started in the 19"^  century, when cities 
in Europe and North America introduced the water caniage system for 
domestic wastewater. Large sewage farms, as they were called, are 
established in the U.K., U.S.A., France and Germany followed by India, 
Australia and Mexico (Mara and Cairncross, 1989). Their purpose was to 
prevent contamination of river and to improve soil fertility. Most of these 
sewage farms were abandoned at the beginning of the 20"' century due to the 
need for more land for expanding cities, increased awareness of the potential 
adverse human health impacts, the introduction of chemical fertilizers, and 
the development of wastewater treatment technologies (Ensink and Hoek, 
2007). 
Wastewater irrigation can provide a number of advantages over traditional 
disposal methods. It converts a point source of pollution into a useful source 
of nutrients (mainly N & P) and irrigation water. There can be a substantial 
savings over purchasing chemical fertilizers. For some crops, wastewater is 
a more efficient source of nitrogen, producing crops with higher protein 
content than use of the equivalent amounts of chemical fertilizer (Day et al., 
1975). 
Fertilizer application is one of the important factors which control crop yield 
and quality. With the application of fertilizers and ameliorative additives, 
crop yield has been improved considerably. However, green house and field 
studies have revealed that indiscriminate use of fertilizers may prove 
uneconomical or sometimes even harmful. This has compelled the farmers to 
switch-over to other sources of nutrients like municipal and industrial 
wastewater. Increased prices of commercial fertilizers as well as problems 
associated with wastewater disposal have also made it increasingly attractive 
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for agriculture. The farmers of today are, therefore, readily willing to opt for 
greater use of wastewater as this could adequately meet the twin objectives 
of nutrition and irrigation (Akhtar, 2002). 
Earlier researches have demonstrated the essentiality of 16 elements for the 
normal growth and development of most plants. In these 16 essential 
elements carbon (C), hydrogen (H) and oxygen (O) are derived from the 
atmosphere and soil water, whereas the remaining 13 essential elements 
nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium 
(Mg), sulfur (S), iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), boron 
(B), molybdenum (Mo) and chlorine (CI) are supplied either from soil 
minerals and soil organic matter or by organic or inorganic fertilizers 
(Salisbury and Ross, 2007; Uchida, 2000). More recently, nickel (Ni) was 
added to the list of essential elements (Dalton et al., 1988). Although each 
essential plant nutrient plays some specific roles, N, P and K have been 
found to be the most effective in promoting crop yields. 
Nitrogen is a constituent of many important molecules including proteins, 
enzymes, chlorophyll and several vitamins (Uchida, 2000). An adequate 
supply of nitrogen is associated with vigorous vegetative growth, while 
phosphorus stands second in the order of requirement by crops. Phosphorus 
plays a major role in energy storage and transfer as ADP and ATP and apart 
of the RNA and DNA structures, the major components of genetic 
transformation (Uchida, 2000). It influences the vigour of plants and 
improves the quality of crops (Patnaik, 1980). On the other hand, presence 
of potassium is vital for plant growth because K is known to be an enzyme 
activator that promotes metabolism. It controls the opening and closing of 
leaf stomata and in photosynthesis it maintains the balance of electrical 
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charges at the site of ATP production promotes translocation of 
photosynthates and also involves in protein synthesis (Uchida, 2000). 
India is an agriculture .based country. Hundreds of vegetable types are 
grown from temperate to humid tropics and from sea-level to snowline. The 
total production of fruits and vegetables in the world is around 370 MT. 
India is the second largest producer of vegetables in the world (ranks next to 
China) and accounts for about 15% of the world's production of vegetables. 
The current production level is over 71 million MT and the total area under 
vegetable cultivation is around 6.2 million hectares which is about 3% of the 
total area under cultivation in the country. In case of vegetables potato, 
tomato, onion, cabbage and cauliflower account for around 60% of the total 
vegetable production in the country (www.tradeindia.com). 
In order to meet the food requirement of the people vegetables are of 
primary importance because they are the key source of essential components 
such as vitamins, particularly niacin, riboflavin, thiamin and vitamin A and 
C, minerals such as iron and calcium, plant pigments like flavonoids, 
anthocyanins and carotenoids, dietary fibres and also low in calories (Ogle et 
al., 2001; Mukerji, 2004). 
Most of the vegetables, being short duration crops, fit veiy well in the 
intensive cropping system and are capable of giving very high yields and 
very high economic returns to the growers. Major vegetables grown in India 
are Potato, Onion, Tomato, Cauliflower, Cabbage, Bean, Egg Plants, 
Cucumber, Garlic and Okra. The major areas producing fresh vegetables are 
Uttar Pradesh, Orissa, Bihar, Assam, West Bengal, Maharashtra, Haryana, 
Andhra Pradesh, Karnataka, Himachal Pradesh, Punjab, Madhya Pradesh 
and GLijarat. The area under vegetable production was 7807.5 thousand ha 
with a production of 12, 5919.6 MT in the year 2007-08 
(www.tradeindia.com). 
Among the vegetables, Okra {Abelmoschus esculentus or Hibiscus 
esulentus), a member of family Malvaceae, is the sixth important vegetable 
crop grown in India having great export potential and rich diet value with 
respect to vitamin A, B and C, protein and minerals (Dademal and Dongale, 
2004; Ambare et al., 2005). The nutritional constituents of okra include 
calcium, protein, oil and carbohydrates; others are iron, magnesium and 
phosphorus (Omotoso and Shittu, 2007). 
This crop is grown in spring-summer (March-June) and rainy (July-
September) season for its tender fruits, which are cooked in curry and also 
used in soups (Ramphal et al.,2005).Beside its use as vegetable, stem and 
roots can also be used in paper industry (Shanlce et al., 2003). It also has 
some medicinal and industrial importance like extraction of mucilage used 
in the preparation of jaggery (Dademal and Dongale, 2004; Singh et al., 
2005). 
India is the largest producers of okra in the world, occupying 0.36 m ha with 
.50 MT production with average productivity of 9.72 t/ha as against world's 
production of 4.90 MT from 0.79 m ha with a productivity of 6.2 t/ha during 
2002 (Shanmugasundaram, 2004). 
In view of the beneficial effect of wastewater in augmenting crop 
productivity and the importance of vegetable crops, the present study has 
been conducted to evaluate the impact of irrigation with wastewater, 
generated from a drain going outside the city at Aligarii-Mathura Road, in 
relation to nutrient requirement of okra. Therefore, the experiment comprises 
the aim to study the comparative effect of wastewater and ground water in 
the presence of various doses of nitrogen on the performance of two 
varieties of okra ie. Nidhi and Kaveri grown with the uniform doses of 
phosphorus and potassium. 

CHAPTER 2 
REVIEW OF LITERATURE 
2.1 Effect of Waste Water on Plants:-
Out of many uses of water, its application for agricultural purposes 
ranks top in priority. However, it must be admitted that due to scarcity of 
fresh water and 70% of Indian population being dependent upon farming, 
the farmers have no option other than to grow their crops under rain fed 
conditions or use of waste water for agriculture as well as for horticultural 
purposes (Akhtar, 2002). 
Waste water irrigation would not only solve the disposal problem 
but also serve as nutrient source to plants because most of the essential 
nutrients are present in different amounts in wastewater (Day et al., 1975). 
The use of municipal and industrial wastewater for irrigation is well 
recognized (Steel and Beg, 1954) and has become an important part of 
industrial and sewage wastewater disposal programmes. Such controlled use 
of waste water can provide substantial benefits and the development of low 
cost processes coupled with this reuse of effluent in agriculture offers one of 
the most suitable options for managing wastewaters. 
Much work has been done on various kinds of industrial effluents 
and municipal sewage waste water to study the effect on various crop plants. 
Shinde and Trivedy (1983) studied the effect of distillery wastewater 
irrigation on various characteristics of one vegetable. Lady's fmger 
{Abelmoschiis esculentus) and one cereal corn {Zea mays). They reported 
that germination was inhibited and seedling height and dry matter 
production of lady's fmger and corn were adversely affected at 
concentration more than 25%. However, 10% of wastewater proved 
beneficial while reduction in root length was observed with all dilutions. 
They also reported that corn was more tolerant to distillery waste than lady's 
finger. 
Ajmal and Khan (1985) carried out extensive work to study the effect of 
effluents from various industries on seed germination of crops including 
wheat, pea, mustard, kidney-bean, lady's finger, pearl millet etc. They 
observed a general reduction in germination when the concentration of 
effluents was 80-60%). They also found that germination was normal under 
25-50%) effluent concentration. 
Iqbal et al., (1994) grew two vegetable crops, coriander and spinach on land 
irrigated with municipal wastewater and sewage sludge to assess the effect 
of following 4 treatments: (1) a medium of 1:2 fine sand and cattle manure 
and irrigation with sewage water, (2) a medium of 1:2 fme sand and raw 
sludge, tap water being used for irrigation, (3) a medium of 1:2 fme sand and 
raw sludge and irrigation using sewage water, (4) control, a medium of fme 
sand and irrigation with tap water. With treatments (1) and (3) tap water was 
added to the sewage water on alternate days for irrigation. They reported that 
for both coriander and spinach, the fresh weight and dry weight was lowest 
for the first harvest in all treatments. They also reported that for coriander, 
crop weight was lowest in treatment (3) for all harvests and highest in (1) for 
the second and third harvest. They also reported that for spinach, treatment 
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(1) resulted in the greatest biomass in the second and third harvests and the 
control gave the lowest. Treatment (3) gave the lowest biomass in the first 
harvest. 
Karunyal et al., (1994) studied the seed germination of rice (Oryza saliva). 
Acacia holosericea and horse tamarind (Leucaena leucocephala) and leaf 
area, biomass and chlorophyll content in 40 days old seedlings of Vigna 
{Vigna iingiiiciilata), tomato {Lycopersicon esculentum), cotton {Gossypium 
hirsutum) and black gram {Vigna wwwgo).Among treated plants tomato and 
cotton at 25% and 50% of the tannery effluent showed increased biomass 
over the control. However, in black gram biomass increased at 25% and 
showed drastic decrease at 50%) treatment. Whereas vigna at both 
concentrations ie. 25%) and 50%o showed a decrease in biomass. As 
compared to control in tannery effluent treated plants of tomato and cotton 
two fold increase in leaf area was reported whereas it was about 30% in 
treated plants (25%)) of vigna and black gram. The biomass and leaf area of 
the treated plants were increased more in tomato and cotton by the tannery 
effluent treatment (25%)) than in black gram and vigna. In vigna, black gram 
and cotton leaves, Mg concentration showed an increase at 25%) treatment as 
compared to control. Whereas no such increase in tomato was observed in 
leaves of tannery effluent treated plants. Na content showed an increase 
when compared to control and the degree of increase was greater in black 
gram than in tomato, vigna and cotton. Increased level of K was observed in 
effluent treated leaf, stem and root portion of vigna. Tomato, cotton and 
black "ram showed a reduced level of K. 
Butorac et al., (1995) showed that in field trials in 1991, sugarbeet was given 
(a) no fertilizer, (b) Agrarvital (containing limestone, micronutrients and 
nitrogen -fixing bacteria ), (c) NPK fertilizer ,(d) wastewater (containing N, 
P, K, Ca, Na, micronutrients and organic matter,pH 7.3), (e) NPK 
+wastewater, (f) NPK+Agrarvital+wastewater, or (g) 
Agrarvital+wastewater. It was observed that root yield (excepting no 
fertilizer treatment), sugar content and sugar yield were lowest with 
NPK+Agrarvital+wastewater. Root and sugar yield were highest with 
wastewater, while sugar content was highest with no fertilizer treatment. 
Singh et al., (1995) investigated the effect of treated sewage water, effluent 
from a pharmaceutical factory or water from a tube well on yield of fodder 
sorghum, maize and cowpea. It was observed that sorghum and maize fodder 
yield was highest with treated sewage and lowest with tube well water, 
whereas cowpeas fodder yield was not affected by irrigation source. 
Goyal et al., (1995) studied that in a pot experiment with mung bean, 
application of distillery wastewater up to 160m^ /ha increased dry mass 
production and N and P uptake but dry mass decreased markedly with 
640 m Vha. 
Aziz et al., (1996) studied the long term effects of petrochemical industry 
wastewater on 6 crops ie. wheat, triticale, chickpea, lentil, pigeonpea and 
summer moong in agricultural soils, it was observed that wastewater 
irrigation resulted in increased seed yield of all the crops selected except 
summer moong which showed a decrease in seed yield. 
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Bid and Shereif (1996) investigated the effect of wastewater irrigation on 
growth and mineral contents of certain crops under greenhouse conditions. 
In the experiment Barley, broad beans {Vicia faba) and rape were irrigated 
by: (I) raw wastewater (untreated), mixed with fresh water (1:2) for a final 
EC of 5 mS/cm; (2) raw wastewater, mixed with fresh water (1:6) for a final 
EC of 2 mS/cm; (3) treated wastewater, mixed with fresh water (1:6) for a 
final EC of 7 mS/cm. They reported that the dry matter yield was greatest 
from raw waste water, mixed with fresh water (1:6). They also reported that 
the effect of irrigation was insignificant on Zn and Cu contents of plant. 
However, the content of P, N, Mn and Ni increased significantly when 
mixed with wastewater compared to fresh water. They also reported that the 
content of Fe and Mn in straw was significantly greater in grain or seed, 
while the content of N, P, and K are significantly greater in grain or seed 
than in straw. At last they concluded that the concentration of heavy metal in 
plant is lower than the critical toxic level. 
Paliwal et al., (1998) worked out the impact of different concentrations of 
sewage water (0, 25, 50, and 100%) on growth performance, biomass and 
nutrient accumulation of Hardwickia binata growing under nursery 
conditions. They observed the maximum growth at 50% concentration of 
sewage water application. Biomass (gm/plant) and leaf area (cm^) of the H. 
binata seedlings treated with sewage water (50%)) showed an increase over 
the control. Photosynthetic pigments and total soluble protein decreased with 
an increased concentration of sewage water application. At the higher 
concentration of sewage water applications, the accumulation of both 
nitrogen and phosphorus in different components of//, binata seedlings was 
as follows: root>stem>leaf The sewage water concentration at 15% and 
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100% retarded the growth of seedlings and only the 50% concentration was 
suitable for growth of H. binata seedlings. 
Aziz et a!., (1999) observed the impact of petrochemical industry waste 
water on certain physico-chemical properties of soil and on growth, yield 
and quality of corn {Zea mays L.) and mustard {Brassica jiincea L.), and 
reported that wastewater irrigation resulted in increased growth and yield of 
both the crops. 
Tripathi et al., (1999) investigated the effect of industrial effluent (IW) and 
contaminated well water (CWW) on germination and seedling growth of 
wheat, sesame, cowpea and Indian goose berry {Emblica officinalis 
{Phyllanthus emblica)}. There was no adverse effect of industrial effluent 
(IW) on wheat germination, whereas germination of cowpea, sesame and 
Indian goose berry were decreased by industrial effluent (IW). Germination 
of all species was generally decreased by contaminated well water (CWW), 
particularly at higher concentration. Seedling height, except of wheat in 
industrial effluent (IW), was decreased by 100% industrial effluent (IW) or 
contaminated well water (CWW), whereas lower concentrations sometimes 
produce an increase. Germination and seedling growth were most severely 
inhibited in sesame. 
An investigation was carried out by Javid et al., (2003) to study the effect of 
sewage wastewater on growth, NPK content, yield and grain quality of 
wheat {Triticum aestivum L.) cv. HD-2329. They reported that its 
application promoted the growth and also enhanced the yield. They also 
reported that N, P, and K level was higher in waste water irrigated plants 
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while protein and carboiiydrate was lower in grains obtained under 
wastewater application. 
While studying the impact of treated wastewater of oil refinery on sugarcane 
{Sacchariim officinarum) Ahmad et al., (2003) recorded the maximum fresh 
weight (kg plant''), number of nodes planf' and average node length (cm) 
in the plants irrigated with treated wastewater. They also found that the cane 
length (cm), cane girth (cm), weight of 10 canes and cane yield (ton ha"' ) 
gave better response to the treated wastewater. 
In an experiment conducted Khan et al., (2003) studied the effect of sewage 
waste water on morphophysiology and yield of two leafy vegetables, spinach 
{Spinacia olearacea) and methi {Trigonella foenum-graecum), and reported 
that sewage wastewater application increased chlorophyll a, b and total 
chlorophyll content, photosynthetic rate, photosynthetic water use 
efficiency, growth and yield. 
Baskar et al., (2003) worked out the impact of distillery effluent. They 
reported that distillery effluent application significantly increased the yield 
of crops viz. sorghum, wheat, maize, sugarcane, cotton, groundnut, 
sunflower, soyabean, sugarbeet, potatoes and other vegetables, forage crops 
and tree crops, but has adverse effect on legumes and no effect on rice. 
.lavid et a!., (2003) studied the effect of rhizobium and NPK on growth, 
physiomorphological traits and yield of waste water on black gram. They 
reported that both sewage waste water (SW) and thermal power plant waste 
water (TPPW) were efficient for improving the yield, vegetative growth, 
physiological characteristics and yield. Waste water application increased 
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the leaf nitrate reductase activity, carbonic anhydrase (carbonate anhydrase) 
activity and total ciilorophyli content of rhizobium-inocuiated plants. 
An investigation was carried out by Shah et al., (2004) to study the response 
of triticale under sewage wastewater irrigation. They reported that maximum 
plant dry weight (gm), leaf area (cm plant'' ), plant height (cm), leaf number 
and tiller number was obtained in plants irrigated with sewage waste water. 
They also reported that the net assimilation rate, leaf K, P and N content (%) 
were increased in the sewage wastewater in comparison to ground water, it 
was also observed that sewage wastewater proved better for yield parameters 
(grain yield, grain number ear' " ear weight, ear number plant' , straw yield, 
1000 grain weight, spikelet number plant'' and ear length) than groundwater. 
They also found that compared with ground water irrigation, sewage waste 
water sustained better results in total carbohydrate (%), soluble carbohydrate 
(%), total protein (%), soluble protein (%), carbohydrate yield, insoluble 
carbohydrate (%), protein yield and insoluble protein (%). 
Mohammad and Mohammad (2004) studied the effect of irrigation of forage 
crops with treated wastewater on the yield and nutrient uptake. In the field 
experiment Maize {Zea mays) was planted for two seasons as a summer crop 
while vetch {Vicia sativa) was planted for one season a winter crop during 
1994-95. The plots were irrigated with either potable water (PW) or 
wastewater (WW) in amounts according to the following treatments: (i) PW 
equivalent to 100% class A pan reading (PW); (ii) WW equivalent to 100% 
class A pan reading (WWl): (iii) WW equivalent to 125%) class A pan 
reading (WW2), and (iv) PW with application fertilizer equivalent to 
nitrogen (N) and phosphorus (P) content of WWl (PWF). The results 
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indicated that WW irrigation increased the yield of both maize and vetch. 
Both rates of WW application had similar effect on crop production. 
Supplemental fertilizer application with the potable water irrigation (PWF) 
enhanced vetch production and increased grain weight for maize in the 
second season (1995). The uptake of macronutrients and micronutrients 
increased with WW irrigation, while the uptake by vetch increased with both 
WW irrigation and PW supplemented with fertilizer application. 
Shah et al., (2005) conducted a field experiment on Triticale, TL-419. They 
found that sewage waste water irrigation resulted in increased growth and 
yield of the crop. Protein and carbohydrate yields were also increased under 
waste water irrigation. 
In an experiment Akhtar et al., (2006) studied the effect of thermal power 
plant waste waster (TPPW) on growth, yield and oil content of Linseed cv. 
Neelam. They reported that the application of TPPW proved advantageous 
over GW, enhancing growth, seed yield and oil content of linseed. 
Effect of various concentrations ranging from 0, 6.25, 12.5, 25, 50, 75, and 
100% of textile mill wastewater (treated and untreated) on germination, 
delay index, physiological growth parameters and plant pigments of two 
cultivars of chickpea was studied, by Garg and Kaushik (2006). They 
reported that the textile effluent did not show any inhibitory effect on all the 
reported plant parameters at a lower concentration (6.25%). They also found 
that the seeds germinated in 100% effluents but did not survive for longer 
periods. 
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Kanagachandran and Jayaratne (2006) investigated the effect of sun dried 
brewery waste water sludge (BWS) admixed with two different types of 
compost on the germination and plant growth trials of chilli and pumpkin. It 
was observed that mean dry weight (g) planf' and nutritional content of 
pumpkin was maximum in the treatment 4-B (50% of compost B and 50% of 
BWS). it was also observed that growth (mean weight of plant and mean dry 
weight of plant) of chilli plant was maximum in the treatment 4-B whereas 
yield (mean number of chillies plant'' and mean dry weight of chillies) was 
maximum in the BWS. 
In a pot experiment (2007), Tabassum et al., studied the effect of waste 
water on the yield of a pulse crop. They observed that compared with GW 
irrigation, 100% wastewater sustained better growth of the crop, indicated 
by the higher values for plant fresh weight (1.467, 4.072, and 9.629), plant 
dry weight (0.325, 0.960, and 2.206) and nodule number planf' (11.65, 
11.57, and 8.67) at pre flowering, flowering and post-flowering stages 
respectively. They also observed that seed yield planf' was obtained 
maximum (2.313 and 6.212 respectively) in the pots irrigated with 100% 
wastewater. 
Soundarrajan et al., (2007) studied the effect of distillery spentwash on 
growth, yield and quality of Bhendi {Abelmoschus esculentus) var Arka 
Anamika. They reported that 50 times diluted effluent followed by 25 times 
dilution+50% GR significantly increased the yield and also the quality 
parameters like ascorbic acid, crude protein, crude fibre content. In another 
experiment (2007), Soundarrajan et al., studied the effect of distillery 
spentwash (dilutions of 25, 50, 75 and 100 times) on seed germination, 
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seedling growth and yield of Bhendi, The results revealed that application of 
spentwash diluted at higher level (50%) has increased germination 
percentage (74.25%), growth (47.16 cm) and fruit yield (264.25 gm pot"" 
over control. 
While studying the impact of distillery effluent on seed germination of 
wheat {Trilicum aestivum), pea {Pisum sativum) and lady's fmger 
{Abelmoschits esculentus), Pandey et al., (2007) recorded that there was 
variation in germination percentage. The speed of germination, peak value 
and germination value of tested vegetation also varies with respect to 
different concentration of effluent. While in case of wheat the speed of seed 
germination increases with increase in concentration from control, 25% 
concentration, while the same concentration irrigated seed causes stagnant 
speed of germination in pea. And increased speed of germination in lady's 
finger, further increase in effluent concentration after 50%) concentration 
causes a common diminishing effect on the germination speed on each 
elevation in concentration. The pattern of peak value and germination value 
is increasing from control to 25%) and stagnant from 25%) to 50%o and 
diminishes from 50%o to 75%) and 100% effluent concentration in case of 
wheat, while the pattern is diminishing in case of pea as per elevation in 
concentration and in case of lady's fmger peak value decreases from 0-25% 
concentration and again maintain it at 50%) concentration and at further 
elevation in concentration, it decline while the germination value diminishes 
from control to 100% concentration in a steady way. While the mean 
germination percentage is maximum in case of wheat -88% > in case of pea 
84% > and in case of lady's finger it is 83%), the average peak value, 
germination value and germination speed is (9.67, 854, 1.52) > (8.10, 726, 
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1.04) > (6.9, 575, 0.79) for pea, wheat and lady's finger, respectively. It 
indicates the lady's finger is highly sensitive to the effluent treatment and 
the effluent is promotive for pea at their arranged dilutions. 
Pandey and Nautiyal (2008) worked out the impact of the diluted and 
undiluted (1:1) effluent from electroplating industry (HAL, Lucknow) was 
situated on seed germination and seedling growth of pigeonpea {Cajamis 
cajan) and maize {Zea mays). They recorded that the use of electroplating 
effluent inhibited seedling dry weight of maize (32%) and pigeonpea (14%). 
Use of undiluted effluent reduced pigeonpea radicle length by 16%. 
Effect of various dilutions ranging from 0, 6.25, 12.5, 25, 50, 75 and 100% 
of textile mill wastewater (treated and untreated) on germination, delay 
index, physiological parameters and plant pigments of two cultivars of 
sorghum was studied by Garg and Kaushik (2008). They found that the 
textile effluent did not show any inhibitory effect on seed germination at 
lower concentration (6.25%o). The other reported plant parameters also 
followed the similar trend. Seeds germinated in 100% effluents but did not 
survive for longer period. 
Shahroz et al., (2008) studied the impact of waste water on the performance 
of fenugreek (Trigonella foenum-graecum L.) and reported that the 
parameters studied at vegetative, flowering and fruiting stages ie. root fresh 
weight, root dry weight, nodule number, shoot fresh weight, shoot dry 
weight, leaf number, nitrogen content, phosphorus content and potassium 
content gave optimum results with 100% WW. 
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Faizan el al., (2008) conducted an experiment to evaluate the use of sewage 
waste water as a source of irrigation and its impact on morphophysiology 
and yield of wheat {Triticiim aestivum). They reported that a significant 
increase in plant fresh weight, biomass planf , leaf characteristics, 
biological yield plant"' , chlorophyll a, chlorophyll b, total chlorophyll 
content, photosynthetic rate and photosynthetic water use efficiency with 
waste water in comparison to ground water. 
Singhal and Sharma (2008) studied the impact of different concentrations of 
industrial effluent (ie. 25%, 50%, 75%, and 100% including control) on seed 
germination and seedling growth ie. length of radicle, epicotyl, hypocotyl 
and fresh and dry weight of radicle, epicotyl, hypocotyls and cotyledons of 
Cyamopsis tetragonoloba var. Pusa Nava Bahar. They reported that 
germination percentage and seedling growth were maximum in 25% 
concentration of industrial effluent. 
Iqbal et al., (2009) studied the impact of wastewater comprising the mixture 
of sewage and industrial wastewater on the growth and physiology of 
cauliflower. They reported that the wastewater proved optimum in 
increasing the plant growth characteristics of the crop, in comparison to 
ground water. 
2.2 Effect of NPK on Vegetable crops:-
Various vegetable crops have been tested under NPK application as 
fertilizers and sufficient references are available. 
Agrawal et al., (1968) studied the response of cabbage to 3 plant spacing and 
3 levels of basal nitrogen fertilizer. They found that, for higher yields, 
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cabbage should be sown at 60cmx45cm spacing and a nitrogen dose upto 
120 kg N ha' should be applied. 
Borisov and Kovylin (1971) reported beneficial effect of N and K on yield 
of late cabbage in the U.S.S.R., the maximum yield being by the application 
of N|5o. Piooand KISQ. Khokhlov (1971) also observed a beneficial effect of 
fertilizers on while cabbage yield. He noted that, on an average, 53 kg ha"' of 
N, 120 kg ha"' of P2O5 and 68 kg ha ' of KiO were optimum for good 
economic yield in the U.S.S.R. 
Randhawa and Bhail (1976) studied the effect of nitrogen and phosphorus on 
cauliflower. They found that application of nitrogen increased the growth, 
yield and nutritive value of plants. N120 and Nigo with P40 kg (and borax at 15 
kg) ha' gave the best yield. 
Kansal et al., (1981) studied the effect of different levels of nitrogen and 
farmyard manure on yield and quality of Spinach (Spinacia olearacea 
L.).They reported that the leaf proteins, beta-carotene and reducing sugars 
were maximum at 90 kg ha"'N, without FYM. However, the yield, the 
uptake of P, Fe, Mn, Zn and Cu and the ascorbic acid content were greatest 
in response to the highest rate of both fertilizers. 
Noor (1986) studied the effect of three levels of basal nitrogen (Bioo, B^o 
and 6200 ),applied with a uniform dose of phosphorus (P20) and potassium 
(K25) on growth, yield and NPK contents of leaf and root in two varieties of 
radish namely Local and Pusa Sawani and two varieties of turnip ie. Local 
and Snow Ball. She reported that B200 proved best at all the stages of growth 
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for radish and turnip both. She also reported that N, P and K contents were 
maximum in top of both crops in B200 at a" stages. 
Noor (1986) studied the effect of various levels of basal nitrogen (Bioo, B150 
and 6200) applied partly at sowing and partly as supplemented top dressing at 
35 days in radish (Pusa Sawani) and at 50 days in turnip (Snow Ball). Basal 
application alone (B200) applied at sowing proved best for most of the growth 
and yield parameters in radish as well as turnip at all stages. 
Sontakke et al., (1995) studied the effect of four levels of nitrogen (0, 40, 80 
and 120 kg ha"' ) and three spacing (30x45 cm ,45x45cm and 45x60cm) on 
growth and yield of two varieties of Chilly viz. Pusa Jwala and Pant C-1 .The 
dose of 120 kg N ha' proved best for getting highest growth and yield of red 
dry chillies. 
Inam (2002) studied the effect of nitrogen application on the marketable 
yield of turnip. Yield was maximum in B200 (basal) at 65 as well as 85 days. 
Higher dose B400 (basal) was harmful for turnip yield. 
Thapu and Maity (2003) studied the effect of nitrogen (at 30, 40 and 50 kg 
ha"') and phosphorus fertilizers (40 and 60 kg ha"') with cutting treatments 
(0, I and 2 cuttings) on the green and seed yields of fenugreek cv. Pusa 
Early Bunching. It was found that green and seed yields and lOOO-seed 
weight were significantly influenced by the different levels of nitrogen and 
phosphorus and by the number of cuttings.50 kg N ha"' and 60 kg P ha"' 
proved best for all parameters 
Work has been done by Wang and Li (2004) on a vegetable field with 
Peking cabbage {Brassica pekinensis), cabbage (B. chinensis var. oleifera), 
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green cabbage (B. chinensis), spinach {Spinacia olearacea) and rape {B. 
campestris [B. napiis var. oleifera]) to study the effects of nitrogen (N) 
forms and rates', and phosphorus (P) treatment on their growth and nitrate 
accumulation. Application of ammonium chloride, ammonium nitrate, 
sodium nitrate and urea significantly increased the yields and nitrate 
concentrations of Peking cabbage and spinach. They concluded that addition 
of N fertilizer to soil was the major cause for vegetables increasing their 
nitrate contents. Effects of P treatment on vegetable growth and nitrate 
accumulation were species- and sampling time-dependent. With the addition 
of P fertilizer, yields of green cabbage and rape were increased, while those 
of spinach and cabbage had no significant changes. The nitrate concentration 
was significantly decreased in green cabbage, but significantly increased in 
cabbage and rape by P treatment at the second harvest. 
The effect of four levels of nitrogen (0, 40, 60 and 80 kg ha"') on physio-
morphological performance of tomato {Lycopersicon esculentum) was 
observed by Naeem et al., (2004). Application of 80 kg N ha'' significantly 
increased the fresh and dry weight of shoot and root, number of leaves and 
number of flowers planf' over their respective controls. Nitrogen at 80 kg 
ha" increased total chlorophyll and carotenoids over their respective 
controls. Application of 80 kg N ha"'gave maximum fruits and proved 
superior to other doses. 
Like other crops, okra or lady's fmger also respond to exogenous 
application of nutrients. In the following pages, relevant and recent 
publications on the response of okra to various inputs related to the supply, 
absorption and utilization of N, P and K have been reviewed. As the present 
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study was planned to evaluate the effect of waste water as a source of 
irrigation water with additional doses of NPK, some of the references related 
to okra in relation to N,P and K nutrition with special reference to work done 
in India are reviewed only. 
Ahmad and Reid (1968) investigated the response of okra {Hibiscus 
esculentus L.) to N (0-336 kg ha"'), P (0-280 kg ha"'), K (0-280 kg ha"') and 
Mg (O-112 kg ha"') fertilization. They reported that best yield were obtained 
with 1 12 kg ha"' N, 168 kg ha"' P, 280 kg ha"' K and 112 kg ha "' Mg. They 
also reported that levels of N in the leaf decreased rapidly above 224 kg ha"' 
, and for 112 kg ha"' and 168 kg ha" application, high tissue N was 
maintained to the fruiting stage. The P content in the leaf was not affected by 
fertilization at flowering and senescence but at fruiting, the levels increased. 
At flowering, tissue K was highest and showed response to fertilizers. With 
age of crop K decreased and effect of fertilizers disappeared, and the K 
removal in the fruit was favoured by N. High tissue Mg as a response to 
fertilization was maintained to fruiting but decreased afterwards. Mg 
lowered the removal of N but increased P in fruit. 
Janardhanam and Satyanarayana (1968) studied the effect of NPK and 
spacing on growth of okra. They concluded that increased fertilizer levels 
increased the rate of growth but it was not accelerated by wider spacing, 
however, increased yield. 
According to Randhawa (1969), nitrogen at the rate of 66 kg ha''gave good 
growth of okra. Hipp et al., (1971) pointed out that phosphorus applied in 
combination with zinc gave the highest yields of okra. 
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Sharma and Shukia (1973) studied the effects of NPK on okra. Nitrogen 
applied as urea at 40-120 kg ha"', P2O5 as super phosphate at 17.44-52.32 kg 
ha"' and K as muriate of potash at 24.9-74.7 kg ha''. The highest yields were 
obtained with nitrogen at 120, P2O5 at 34.88 and potassium at 49.8 kg ha" . 
Chauhan and Gupta (1973) studied the effects of NPK on growth and 
development of okra. Plant height and girth, number of leaves and yield of 
green pods were increased by increasing applications of nitrogen (22.5, 45.0 
or 67.5 kg ha"'). Whereas, phosphorus at 22.5 or 45.0 kg ha"' and potassium 
at 22.5 kg ha"' had no effect on growth and yield, NPK applications, 
however, generally increased yields. 
Rahman et al., (1994) studied the effect of 4 fertilizer levels (0. 80, 120 and 
160 kg ha' ) on the growth and yield of okra (Abelmoschus esculentus) cv. 
Pusa green. They observed that nitrogen at the rate of 80 kg ha"' showed 
significant effect on pods weight planf' and pods weight ha"' . They also 
observed that nitrogen at the rate of 160 kg ha"' showed significant effect on 
plant height. 
Somkuwar et al., (1997) after conducting field trial on okra cultivars 
Parbhani Kranti, Sel.2-2 and Punjab-7, reported that application of 75 kg N 
ha' increased the vegetative growth, number and weight of fruits planf' and 
yield ha"'. 
Singh (1998) observed that yield and nutrient uptake of okra {Hibiscus 
esculentus) was significantly influenced by different levels of N and P over 
control. According to him 90 mg kg"' N produced significantly higher green 
pod yield, dry pod yield, nutrient content and uptake of almost all nutrients. 
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Palivval et al., (1999) applied 3 levels of nitrogen viz. 40, 80 and 120 kg ha" 
tor studying its etfect on okra cv. Pusa Sawani. They found that maximum 
number of branches planf' (4.85), maximum girth of main stem (6.10 cm), 
maximum leaf area (138.90 sq.cm), maximum number of fruit planf 
(18.83), length of fruit (13.67 cm), diameter of fruit (6.50 cm), mean fruit 
weight planf' (23.97 gm), yield planf' (451.77 gm), fruit yield (167.40 q ha'' 
) and maximum nitrogen content in fruit (0.296%) were obtained with 120 
kg ha' nitrogen. 
Anjum and Amjad (1999) applied 4 levels of nitrogen viz. 50, 75, 100 and 
125 kg ha'' N along with 3 levels of phosphorus viz. 60 and 80 kg ha" K2O 
in different combinations for studying their effect on okra cv. Pusa Sawani. 
They found that seed germination was not affected statistically by the 
fertilizer application while plant height, number of leaves planf ' , number of 
pods planf , pod length and green pod yield were affected significantly and 
were highest at the highest dose of fertilizers. 
Rani et al., (1999) studied the growth and development of 3 okra cultivars 
(Parbhani Kranti, Arka Anamika and Pusa Sawani) in response to 4 fertilizer 
levels (0-0-0, 50-25-25, 100-50-50 and 150-75-75 kg N,P2 O5, K2 O ha'' 
respectively). Results showed that leaf area, leaf area index (LAI), leaf area 
duration (LAD), dry matter, crop growth rate (CGR), relative growth rates 
and harvest index were significantly influenced at all stages by cultivars 
fertilizer levels and their interaction effects. The highest fertilizer level 
resulted in maximum leaf area, LAI and LAD, which gradually increased up 
to 60 days after sowing (DAS). 
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Ahmad et al.,(1999) observed the impact of different rates of N (0, 100, 120 
or 140 kg ha"' ) alone and in combination with 90 kg P and 60 kg K ha"' on 
growth and yield of okra cv. T-13. They reported that maximum plant height 
(1.85m), number of pods planf' (24.59) and the highest pod yield hectare"' 
(16950.79 kg) were recorded from plots given 120 kg N+90 kg P+60 kg K 
ha"' . They also reported that no significant differences were observed in 
days to seedling emergence and first picking. 
Naik and Singh (1999) conducted a factorial experiment over two years, to 
study the effect of N rate (50, 100, 150 or 200 kg ha"') and P rate (40,80 or 
120 kg Pi O5 ha"') on growth and yield of okra cv. Pusa Sawani. They found 
that the yield plant"' and yield ha"' increased with increasing rates of N up to 
150 kg N ha"' and with increasing rates of P. 
Mohan and Batra (2000) in a field experiment studied the effect of 3 
nitrogen levels (100, 150 and 200 kg ha"' ) on growth of okra (Abelmosc/nis 
esciilenfus L. Moench) cv. Varsha Uphar. They observed a significant 
increase of leaf area index (LAI), leaf area duration (LAD) and crop growth 
rate (CGR) when the level of nitrogen was raised to 150 to 200 kg ha"' . 
Aboderin (2000) investigated the variation in levels of moisture, total 
protein, ascorbic acid, sodium, zinc and potassium in 3 green leafy 
vegetables (Hibiscus esculentus {Abelmoschus esculentus}, Celosia argentea 
and Telfairia occidentalis) eaten by most Nigerians with age and the effect 
of organic fertilizer on these parameters. He reported that the moisture, total 
protein, zinc and potassium contents and the potassium sodium ratio (except 
for H. esculentus) were significantly higher in vegetables planted on 
fertilized than unfertilized soil; whereas, the sodium (except for H. 
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esciilenfiis) and ascorbic acid contents were higher in vegetables planted on 
unfertilized than fertilized soil. He also reported that all the vegetables 
planted on fertilized soil were more nutritive than those on unfertilized soil. 
Prasad and Singh (2001) reported that application of combination 120 kg 
N+80 kg P2 O5 ha'' proved best for growth and yield in okra cv. Parbhani 
Kranti after studying the effect of 3 levels of nitrogen viz. 80, 100 and 120 
kg ha"' along with two doses of phosphorus (P) viz. 60 and 80 kg ha' . 
Amjad et al., (2001) observed that plant height, number of days to flower, 
number of leaves per plant and number of pods planf of okra {Abelmoschus 
escLilentiis ) cv. Pusa Sawani was significantly influenced by different levels 
of N and P over control. According to them 150 kg N+ 60 kg P2 O5 ha ' 
produced maximum plant height, number of leaves planf', number of days 
to llower and nimiber of pods planf' , whereas germination percentage, 
green pod length and yield were not influenced by different level of 
fertilizers used. 
Verma and Batra (2001) in a field experiment studied the effect of nitrogen 
(100, 150 and 200 kg N ha'' ) on spring okra. They reported that the 
maximum number of fruits planf' , fruit weight and plot yield were recorded 
with 200 kg N ha"' treatment. They also reported that increased nitrogen 
fertilization resulted in better leaf nutrient status. 
Ogbaji (2002) studied the effect of nitrogen as ammonium sulfate at 0, 30, 
60, 90 kg N ha"' and potassium as muriate of potash at 0, 30, and 60 kg K ha' 
on okra {Abelmoschus escvlentus) for 3 consecutive years (1996-98) in a 
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sandy loam soil. He also observed that application of 90 kg N ha" produced 
fresh pod yield increase of 94% in 1996, 101% in 1997 and 102% in 1998 
compared with the control. 
Patton et al., (2002) applied 3 levels of nitrogen viz. 50, 100 and 150 kg ha'' 
along with 3 levels of phosphorus viz. 0, 60 and 90 kg ha" for studying their 
effect on okra cv. Arka Anamika. They found that maximum plant height, 
number of leaves planf', longest flowering duration and the lowest number 
of days to flowering resulted from the application of 150 kg N ha"' . They 
also found that N at 100 and 150 kg ha"' resulted in the longest pods, highest 
pod diameter, pod weight, pod number planf' and pod yield planf' . 
Jalal et al.,(2002) reported that application of 150 kg N ha"' proved best for 
yield, plant height, pod length, pods planf' and weight of pods in okra after 
studying the effect of 5 levels of nitrogen viz. 50, 100, 150, 200 and 250 kg 
N ha"' along with a control (no nitrogen) treatment. 
Shanke et al., (2003) conducted a factorial randomized block design 
experiment on okra var. Parbhani Kranti. They found that plant height, 
number of fruits planf , fruit length, fruit weight and seed yield increased 
significantly up to 125 kg N ha"'. 
de Oliviera et al., (2003) studied the effect of different nutrient levels (0, 
50,100, 150 and 200 kg ha"' N) on the yield of okra cv. Santa Cruz. They 
observed that application of 200 kg ha"' N gave maximum production of 
commercial fruits planf' and fruit length. 
Dademal and Dongale (2004) studied the response of okra var. Arka 
Anamika to application of organic manures and varied levels of chemical 
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tertilizers. They reported that growth (plant height and dry matter 
production), yield contributing characters (number of fruits planf , fruit 
weight planf' , fruit length) and fruit yield of okra were significantly 
increased up to the highest level of fertilizer application at the rate of 150 kg 
N+75 kg P: O5+75 kg K2 O ha"' . They also reported that the status of 
available N, P and K in soil was improved significantly due to fertilizer 
application as compared to control. 
Singh et al., (2004) after conducting field trial on okra cv. Pusa Sawani, 
reported that increasing levels of nitrogen up to 150 kg ha"' increased the 
percent fruit set, number of fruits planf' , length of fruit, diameter of fruit, 
number of pickings, duration of harvesting, mean fruit weight, yield and dry 
matter yield of fruit. 
Effect of various levels of N ranging from 80, 100 and 120 kg ha'' on 
growth (number of branches planf', plant height, internodal length, number 
of fruits plant" ), flowering behavior (days to 50% flowering) and fruit yield 
of okra varieties HRB-108-2 and Varsha Uphar was studied by Ramphal et 
al.,(2005). They found that 120 kg ha"' N proved best for all the parameters. 
Singh et al., (2005) observed the impact of 3 levels of nitrogen (50, 100 and 
150 kg ha" ) on vegetative growth and yield of okra and reported that 
highest levels of nitrogen ( 150 kg ha"' ) increased growth attributes viz. 
plant height, number of branches planf', plant spread, stem girth, leaf area 
and yield planf and ha"' of okra cv. Pusa Sawani. 
Ambare et al., (2005) studied the effect of 5 levels of nitrogen viz. 0, 25, 50, 
75 and 100 kg ha"' on growth and fruit yield of okra. They observed that 
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higher levels of nitrogen significantly influenced all the characteristics under 
study except diameter of the fruit. 
Soni et al., (2006) in a field experiment studied the effect of nitrogen on the 
growth and seed yield of okra cv. Akola Bahar. They reported that the 
number of leaves plant' ,number of branches, leaf area, number of 
internodes and seed yield planf' and ha"' increased with increasing rates of 
N up to 125 kg ha"'. 
Manga and Mohammad (2006) after conducting field trial on okra cv. LD88-
1, reported that the nitrogen application increased plant height, number of 
branches planf' and number of fruits plant"' , but did not significantly affect 
fruit weight. 
Tripathy and Maity (2007) studied the evaluation of summer okra 
[Abelmoschus esculentus (L.) Moench} hybrids under reduced level of 
chemical fertilizers .The results indicated significant differences between the 
sources of organic manures for both vegetative growth characteristics such 
as plant height, number of primary branches plant"' and nodes planf' , 
reproductive behavior of the plant ie. days to 50% flowering as well as fruit 
characteristics like fruit length, girth, weight, fruits plant"' and marketable 
fruit yield. 
Omotoso and Shittu (2007) studied the effect of NPK fertilizer rates (0, 150 
and 300 kg NPK ha"' ) on growth and yield of okra {Abelmoschus 
esciilen(iis) var.LD88. The results indicated that the fertilizer NPK 
significantly increase growth parameters (plant height, leaf area, root length. 
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number of leaves), yield and yield components with optimum yield of okra 
obtained at ISOkgNPK ha''. 
Gupta et al., (2008) studied the effect of chemical fertilizers (N, P and K) on 
growth, yield and quality o^ Abelmoschiis esculentus. The results indicated 
that fertilizer NPK significantly increase the shoot length, number of fruits 
plant' and protein content of the fruit (%) of Abelmoschus esculentus at the 
rate of 100 kg N:60 kg P:40 kg K ha''. 
Mouty and Greadly (2008) after conducting field trial during the two 
successive seasons of 2005 and 2006 on two cultivars of okra viz. 
Eskandrani and Balady, reported that nitrogen as organic source gave the 
most effect on plant growth and its pod yield if compared with the role of P 
and or K when added as a natural source ie. Rock Phosphate and or Feldspar 
instead of P and K as chemical form. 
2.3 Conclusion:-
From the review, it may be noted that in view of its late 
recognition as a potential source of irrigation, wastewater needs more 
attention for proper exploitation as a substitute of ground water because of 
-Easy availability and low cost. 
-Economical disposal to prevent pollution and sanitary problem. 
-Effective use of manurial ingredients present in it. 
-Economization of inorganic fertilizers. 
Therefore, it becomes clear that wastewater can act as a 
substitute for fertilizer as well as ground water. 
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C H A P T E R S 
MATERIALS AND METHODS 
Two pot experiments were conducted during Kliarif season of 2008 in 
the net house of Environmental Plant Physiology, Botany Department, 
Aligarh Muslim University, Aligarh (U.P.). The trials were carried out to 
assess the suitability of wastewater in the presence of NPK fertilizers for 
growth and yield of two varieties of Okra or Lady's finger {Abelmoschus 
esculentus).\\. may be pointed out here that wastewater is a mixed water of 
industrial, sewage and household wastewater which are thrown out m a drain 
going outside the city at Aligarh-Mathura road (Fig. 1) and is commonly 
used as a source of irrigation for various types of crops. 
3.1 Nomenclature of Okra-
The proper nomenclature of okra {Abelmoschus esculentus) is as 
follows: 
Kingdom 
Subkingdom 
Division 
Class 
Subclass 
Order 
Family 
Genus 
Species 
Plantae 
Tracheobionta 
Magnoliophyta 
Magnoliopsida 
Dilleniidae 
Malvales 
Malvaceae 
Abelmoschus 
esculentus 
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3.2 Botanical Dcscription-
Okra {Abelmoschiis esculentus), commonly known as Bhindi is an 
'annual, erect herb, 0.9-2.1 mt in height, covered with hair, cultivated as a 
garden crop or a mixed field crop throughout India. Leaves are cordate, 
palmately 3-5 lobed and coarsely toothed. Flowers are yellow with a 
crimson centre. Capsules, also called pods are 12.5-30.0 cm long, pyramidal, 
oblong (horn-like), green or creamy green, with longitudinal ridges and are 
smooth or hairy. Seeds are many, rounded, striate and hairy. 
3.3 Experimental Site-
Two field experiments were conducted at the net house of 
experimental farm of Department of Botany, Aligarh Muslim University, 
Aligarh, India. 
3.4 Agio -Climatic Conditions-
Aligarh has an area of 5,024 sq kms. and located at 27° 52' N 
latitude, 78°51' E longitude at an elevation of 187.45 m above the sea level. 
The climate is semiarid and subtropical with severe hot dry summers and 
intense cold winters. The spring starts in February and summer from April to 
June. The average temperature in this period varies between 32°C to 35°C, 
which goes even upto 46°C-47.5°C during the month of June. The winter 
stretches from middle of October till the end of March. December and 
January being the coldest months as temperature reaches to on an average 
between 13°C-15°C while the minimum temperature touches to 1.0°C. The 
average rainfall remains around 750 mm. Rainfall occurs during July to 
September. Aligarh district has the same soil composition and appearance as 
that found generally in western Uttar Pradesh. Different types of soil such as 
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sandy, loamy, sandy loam and clayey loam are found in the district. The soil 
used during the experiments was sandy loam. 
3.5 SoU-
Aligarh district has the same soil composition and appearance as that 
found generally in western Uttar Pradesh. Different types of soil such as 
sandy, loamy, sandy loam and clayey loam are found in the district. The soil 
used during the experiment was sandy loam. 
3.6 Chemical Analysis of Soil-
The following characteristics were studied in the composite soil 
sample-
1. Texture 
2. pH 
3. Electrical conductivity (EC) 
4. Phosphorus (kg ha"') 
5. Calcium 
6. Magnesium 
7. Cation Exchange Capacity (CEC meq 100 g"' soil) 
8. Carbonates and Bicarbonates (mg 1"') 
9. Total Dissolved Solids (mg f ' ) 
Preparation of Soil Sample in the Laboratory-
In the laboratory, the soil sample was grinded with the help of mortar 
and pestle and passed through a 2 mm sieve. The sample obtained was used 
for the study of following physico-chemical characteristics of the soil. 
(Table 1) 
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3.6.1 Soil Texture-
It was determined by the field method by rubbing or feeling the soil 
between thumb and fingers. The soil was moderately gritty, formed fairly 
firm ball which was easily broken and stained the finger indicating the 
characteristics of sandy loam soil. 
3.6.2 Estimation of pH-
It was estimated with the help of pH meter. To 20 gm of soil, 40 ml 
of distilled water was added and shaken thoroughly. After 0 min, pH of the 
suspension was recorded. The pH meter was calibrated with a standard 
buffer of known pH (Jackson, 1973). 
3.6.3 Measurement of Electrical Conductivity (EC)-
It is a numerical expression of the ability of sample to carry 
electric current which depends on the total concentration of the ionized 
substances dissolved and the temperature at which the measurement is made. 
10 gm of soil was shaken intermittently with 40 ml of distilled water in 150 
ml conical fiask for one hr and then allowed to stand. The conductivity of 
the supernatant liquid was measured with the help of HACH model DR-
EL/4 conductivity meter. The apparatus was adjusted to a known 
temperature (25°C) of the solution (Jackson, 1973). 
3.6.4 Estimation of available phosphorus-
To the 2.5 gm of soil in 100 ml of conical flask a pinch of Draco 
G-60 was added followed by 50 ml of Olsen's reagent {Appendix A-l(i)}. A 
blank was also run. The flasks were filtered through Whatman No. 1 filter 
paper. In the filtrate, phosphorus was estimated colorimetrically using the 
method of Dickman and Brays (1940). 
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5 ml soil extract was pipetted into 25 ml volumetric flask and 5 ml 
of Dickman and Bray's reagent {Appendix A-l(ii)}was poured drop by drop 
with constant shaking till the effervescence due to CO2 evolution cased. The 
inner wall of the neck of the flask was washed with distilled water and the 
contents diluted to about 22 ml. Then, I ml of stannous chloride solution 
{Appendix A-l(iii)} was added and volume made upto the mark. The 
intensity of blue colour was read at 660 nm on a "Spectronic 20 
"colorimeter. 
0.439 gm of potassium dihydrogen orthophosphate (KH2PO4) was 
dissolved in about half litre distilled water. To this, 25 ml of 7N H2SO4 
{Appendix A-l(iv)} was added and volume as made upto 1 litre with 
distilled water, giving 100 ppm stock solution of P (100 kg P ml"' ). From 
this, 2 ppm phosphorus solution was made after 50 times dilution. For the 
preparation of the standard curve, different concentrations of phosphorus (1, 
2, 3, 4, 5 and 10 ml of 2 ppm phosphorus solution) were taken in 25 ml 
volumetric flasks. To these, 5 ml of extracting reagent (Olsens reagent) was 
added. The colour was developed by adding Dickman and Bray's reagent 
and stannous chloride and read at 660 nm. The curve was plotted by putting 
the colorimeter reading on various axes and the amount of phosphorus (in 
|ig) on the horizontal one. 
Preparation of Extract for Calcium and Magnesium-
100 gm soil was transferred to a 750 ml flask. To this 50 ml distilled 
water was added and the flask shaken for about 1 hr. The contents were then 
Altered through Buchner funnel. 
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3.6.5 Estimation of Calcium-
Calcium in the extract was estimated according to the method of 
Chopra and Kanwar (1982). 
To'25 ml extract, 2-3 crystals of carbamate and 5 ml of 16% NaOH 
solution were added. Then it was titrated with 0.0IN EDTA {Appendix A-
2(i)) using murexide indicator powder {Appendix B-2(ii)} till colour 
changed from orange red to purple. 
3.6.6 Estimation of Magnesium-
To 25 ml extract, 1 ml of NaCN (2%) was added. Then 5 ml 
ammonium chloride -ammonium hydroxide buffer was added followed by 
titration with 0.01 N EDTA {Appendix A-3(i)}, using eriochrome black T as 
indicator {Appendix A-3(ii)}, whose colour changed from green to wine red 
(Chopra and Kanwar, 1982). 
3.6.7 Estimation of Cation Exchange Capacity (CEC)-
CEC of the soil samples was determined by the method of Ganguly 
(1951). 10 gm of soil was placed in a flask to which 0 ml of 2N HCl was 
added. It was shaken for half hour and then passed through filter paper. In 
order to make the soil chloride -free, it was repeatedly washed with distilled 
water. It was transferred to another flask to which 10 ml saturated KCl was 
added and kept overnight. Then, it was titrated with 0.1 N NaOH {Appendix 
A-4(i)} using phenolphthalein as indicator {Appendix A-5(i)}. From the 
amount of sodium hydroxide required, the CEC of the soil samples, was 
calculated as follows: 
^ ^ ^ volume of 0.1 N NaOH xN of NaOH CEC= 
Wt.of soil sample 
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Water Soluble Salts-
In iiTigated areas it is very important to know the salt content of the soils 
because these soils are in the danger of becoming saline or alkaline. Of the 
various salt constituents of the soil, carbonates and bicarbonates were 
determined. 
3.6.8 Estimation of Carbonates and Bicarbonates-
Estimation of carbonates and bicarbonates were done following the 
method of Richards (1954). 
For the estimation of carbonates, 50 ml of extract (1:5) was taken 
in a conical flask and 2 drops of phenolphthalein indicator {Appendix A-
5(i)} were added. Appearance of pink colour indicated the presence of 
carbonate. It was titrated with 0.01 N H2SO4 {Appendix A-5(ii)} till the 
solution become colourless. 
To the colourless extract, a few drops of methyl red indicator 
{Appendix A-5(iii)} were added. The yellow coloured extract was titrated 
with 0.01 N H2 SO4 {Appendix A-5(ii)}. The final colour was changed to 
rose red. 
Calculation: 
Carbonates (meq/1) =2yxnormality of H2 SO4 x 
ml of aliquot 
=2yx2 
Bicarbonates (meq/1) = (Z-2y) xnormality of H? SO4 x 
^ ^ ^ ^ J ' ^ ^ ^ mlofaliquot 
= (Z-2y) x2 
Where, y= reading of burette for the titration of carbonates 
Z= reading of burette for the titration of bicarbonates 
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3.6.9 Estimation of Total Dissolved Salts (TDS)-
This was determined to evaluate the concentration of total 
dissolved solids present in the soil. For this, 50 ml extract of the sample 
(1:5) was taken in a weighed beaker which was kept in an oven for 
evaporation of water. After complete evaporation, it was reweighed and the 
amount of dissolved salts was calculated by substracting the initial weight of 
beaker. 
3.7 Cultural Qperations-
The field experiments were laid out in randomized block design 
with three replications for each treatment. The individual pot size was 10 
inches. 
3.7.1 Preparatory Tillage-
Prior to each trial, diligent ploughing of pots was done to turn the 
soil for maximum aeration and weed eradication. Then the pots were 
irrigated lightly before sowing to maintain proper moisture in the subsurface 
of the soil. 
3.7.2 Sowing-
The seeds were sown on 2 April 2008 by the usual method at the 
rate of 15 seeds /pot. The seeds were pre-soaked for 12 hours in water before 
sowing. 
3.7.3 Thinning-
After establishment of the crop ie. after 21 days of sowing, 
seedlings were thinned on 22 April 2008 to maintain the uniformity 
(approximately 6 plants/pot) of the plant population. 
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3.7.4 Crop Protection-
In order to check the aphid contagion if any, insecticidal spray of 
Monocrotophos, Bauvestine powder and hnedachloprid was done on 15 
May 2008. Hand weeding was done twice during the entire crop season to 
keep the experimental pots free of weeds. 
3.7.5 Irrigation-
Crop was irrigated prior to sowing and after 23 days of sowing 
irrigation with waste water was done at alternate days. Before using waste 
water as irrigant, analysis of waste water was done. 
3.8 Chemical Analysis of Irrigant-
The analysis of irrigation water was carried out according to standard 
methods (1975). The following parameters were studied to ascertain the 
quality of irrigant (Table 2)-
1. Colour 
2. Odour 
3. Total Dissolved Solids (TDS) 
4. Electrical Conductivity (EC) 
5. pH 
6. Total Solids (TS) 
7. Total Suspended Solids (TSS) 
8. Biological oxygen Demand (BOD) 
9. Chemical Oxygen Demand (COD) 
10. Total Hardness 
] 1. Calcium 
12. Magnesium 
13. Carbonates and Bicarbonates 
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14. Chloride 
15. Potassium 
16. Nitrate nitrogen 
17. Phosphorus 
3.8.1 Colour-
Colour in water may be due to the presence of fine particles in 
suspension or due to mineral matter in solution it was light black. 
3.8.2 Odour-
It results because of the micro-organisms and certain gases 
generally present in wastewater. It was slightly unpleasant. 
3.8.3 Estimation of Total Dissolved Solids (TDS)-
100 ml of water sample was taken in a weighed porcelain dish. It 
was evaporated to dryness on a water bath. Di7ing was finished in an oven 
at 105°C.Then it was cooled in a desiccator and weighed. The weight of the 
residue represented total dissolved solids. 
TDS (gl ' )= 
Where, A= final weight of dish 
B= initial weight of dish 
V= volume of sample taken 
3.8.4 Estimation of Electrical Conductivity (EC)-
Samples were directly read with the help of a conductivity meter by 
taking the solution in a beaker. The apparatus was adjusted to a known 
temperature (25°C) of the solution. 
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3.8.5. Measurement of pH-
It was determined with the help of pH meter, after the latter was 
checked and adjusted with standard buffer of known pH. 
3.8.6 Total Solids (TS)-
100 ml of unfiltered sample was taken on evaporating dish and was 
allowed to evaporate on water bath. 
Total Solids (gl"' )= 
Where, A= final weight of dish 
B= initial weight of dish 
V= volume of sample taken 
3.8.7 Total Suspended Solids (TSS)-
These were determined by calculating the difference between the 
total solids and total dissolved solids. 
TSS (gl"') = TS-TDS 
3.8.8 Determination of Bio-chemical Oxygen Demand (BOD)-
It was widely used to determine the pollution power or strength of 
sewage and industrial waste in terms of the oxygen that micro-organisms 
will require if discharged into natural water. 
Different volumes of the effluent samples were placed in the BOD 
bottles (300 ml) to get several dilutions of the samples to obtain the required 
depletions ranging between 0.1 -1.0%. These bottles were filled with 
distilled water, stoppered and incubated for 5 days in the incubator 
maintained at 20°C.The dissolved oxygen of these samples was determined 
first by adding 2 ml of manganese sulphate solution {Appendix B-l(i)} 
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followed by 2 ml alkaliazide reagent {Appendix 8-1(11)} by means of a 
graduated pipette by dipping its end well below the surface of the liquid. The 
bottles were stoppered and mixed well by inverting them. The bottles were 
allowed to stand till the precipitate settled half way, leaving a clear 
supernatant above the manganese hydroxide floe. The stopper was removed 
and 2 ml sulphuric acid was immediately added. Each bottle was restoppered 
and the contents were mixed by gentle inversion until dissolution was 
complete. 203 m! of the sample was taken in a 500 ml conical flask , 2 ml 
starch indicator added, and titrated against 0.025 N sodium thiosulphate 
{Appendix B-l(iii)} solution till the disappearance of blue colour. The 
reading of sodium thiosulphate used up was indicative of the dissolved 
oxygen of the sample in mg f' The BOD was calculated using the following 
relationship: 
,^ g r' B 0 D = 2 i ^ 
& P 
where, D| and D2 are the dissolved oxygen of the diluted samples 15 
min, after the preparation of the sample and after 5 days of incubation, 
respectively and P is the decimal fraction of the sample used. 
3.8.9 Estimation of Chemical Oxygen Demand (COD)-
It is a measure of oxygen equivalent of that portion of the organic 
matter in a sample which is susceptible to oxidation by a strong chemical 
oxidant. 
0.4 gm of mercuric sulphate was placed in are fluxing flask and 20 
ml of the sample was added. These were mixed well and 10 ml of 0.25 N 
potassium dichromate {Appendix B-2(i)} was added to it followed by 30 ml 
of sulphuric acid and a small amount of silver sulphate. A blank was run 
using distilled water instead of the sample. These were subjected to reflux 
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for 2 hr, cooled and then diluted to about 100 ml with distilled water. The 
contents were then titrated against standard ferrous ammonium sulphate 
solution {Appendix B-2(ii)j, using ferroin as indicator {Appendix B-2(iii)}. 
Calculation: 
I-, coD='^-'',"'"°'°°° 
ml sample 
where, a= ml of ferrous ammonium sulphate used for blank titration 
b= ml of ferrous ammonium sulphate used for sample titration 
c= normality of ferrous ammonium sulphate solution 
3.8.10 Estimation of Total Hardness-
It is the characteristics of water that represents the total 
concentration of calcium and magnesium ions expressed as calcium 
carbonate. 50 ml of the sample was taken into a conical flask and pH was 
maintained at 10+1 by the addition of buffer. Then, it was titrated with 
0.01 M EDTA {Appendix B-3(i)} using eriochrome black-T as indicator 
{Appendix B-3(ii)}. Pink colour was changed to blue. It was calculated as 
follows: 
Hardness (EDTA) as mg CaCO^, 1"' =^^^^^°°° 
ml sample 
where, A=ml titration for sample 
B=mg CaCO-, equivalent to 0.01 ml EDTA titrant 
3.8.11 Estimation of Calcium-
In a conical flask, 50 ml of water sample was taken and 
neutralized with acid. It was boiled for 1 min and then cooled. Then 2 ml of 
1 N sodium hydroxide solution (Appendix B-4(i)} was added to maintain 
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the pH at 12-13. After the addition of 1-2 drops of ammonium purpurate 
indicator {Appendix B-4(ii)}, it was titrated slowly with 0.01 M EDTA 
{Appendix B-4(iii)} and calculated as follows: 
^^ ^ , . | AXBX400.8 Mg Ca 1 = 
ml sample 
Calcium hardness as mg CaCO 3 
AxBxlOOO 
ml sample 
where, A=ml titration for sample 
B= mg CaCOj equivalent to 0.1 ml EDTA titrant at the 
calcium indicator end point 
3.8.12 Determination of Magnesium-
Magnesium was calculated by the following formula: 
mg r ' Mg= total hardness (as mg CaCO:, /l)-calcium hardness (as mg 
CaCO:,/l)x0.243 
3.8.13 Estimation of Carbonates and Bicarbonates-
50 ml water sample was taken in a clean flask. To this, 5 drops of 
phenolphthalein indicator {Appendix B-5(i)} was added. The appearance of 
pink colour indicated the presence of carbonates. Then it was titrated against 
0.01 N sulphuric acid {Appendix B-5(ii)} till the solution become 
colourless. 
To the solution from the above titration, 2 drops of methyl red 
solution {Appendix B-5(iii)} were added. It was again titrated against 0.01 
N sulphuric acid till the colour changed from yellow to rose red. This 
indicated the bicarbonate concentration. 
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Calculations: 
Carbonates (meq/1) =2yxnormality of H^ SO., x 
"• ^ ' -> J - ' ml of aliquot 
=2yx2 
1000 
Bicarbonates (meq/l) = (Z-2y) xnormality of H? SO4 x-
^ ^ > ^ •>' •^ ~ '' ml of aliquot 
= (Z-2y)x2 
Where, y= reading of burette for the titration of carbonates 
Z= reading of burette for the titration of bicarbonates 
3.8.14 Estimation of Chloride-
50 ml of water sample was taken in a flask and to this 0.5 ml 
potassium chromate indicator {Appendix B-6(i)} was added. It was titrated 
against 0.0141 N silver nitrate solution {Appendix B-6(ii)}. Chloride 
concentration in the sample was calculated as follows: 
„ ^ , (A-B)X0.0141X35,450 
mg/1 Cl= 
ml sample 
where, A= ml titration for sample 
B= ml titration for blank 
3.8.15 Potassium-
The estimation of potassium was carried out directly with flame 
photometer at 768 nm using appropriate filter and a standard curve by taking 
concentrations of potassium. A stock solution of 1,000 ppm K was prepared 
by dissolving 1.908 g KCl in 1 litre DDW. From the stock solution aliquots 
were diluted in 50 ml volumetric flasks with ammonium acetate solution to 
give 10 to 40 ppm of K. These were read with the help of flame photometer 
after setting zero for the blank at 100 for 40 ppm K. The curve was obtained 
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by plotting the readings against the different concentrations (10, 15, 20, 25, 
30, 35and40ppmofK) . 
3.8.16 Nitrate nitrogen-
First nitrate standard was prepared in the range of 0.1 to 1.0 mg V 
N by diluting 1, 2, 4, 7 and 10 ml standard nitrate solution to 10 ml with 
DDW. Residual chlorine in the sample was removed by adding 1 drop 
sodium arsenite solution for each 0.10 mg CI and mixed. One drop was 
added in excess to 50 ml portion. For colour development, numbers of 
reaction tubes were set in wire rack. To each tube 10 ml sample was added. 
The rack was placed in cool water bath and 2 ml NaCl solution was mixed 
well. Then 10 ml H2SO4 was added and cooled. 0.5 ml sulphanilic acid 
solution {Appendix B-7(i)} was added and the tubes swirled to mix and then 
placed in water bath at not less than 95° C. After 20 minutes, it was taken 
out and cooled in a cold water-bath. Reading was taken against a reagent 
blank at 410 nm. Standard curve was prepared from the absorbance values of 
the standard run together with the samples and correlated by substracting 
their 'sample blaiiJ<' values from their final absorbance values. The 
concentration of NO2-N was read directly from the standard curve. 
3.8.17 Phosphoriis-
To a 100 ml sample containing not more than 0.2 mg 
phosphorus and fee from colour and turbidity, 0.05 ml phenolphthalein 
indicator was added drop wise to discharge the pink colour. If more than 
0.25 ml was required, smaller sample was taken and diluted to 1,000 ml with 
distilled water. After discharging the pink colour with acid, 4 ml of 
molybdate reagent {Appendix B-8(i)} was added. After 10 minutes, the 
colour was measured spectrophotometrically at 690 nm and comparison with 
the calibration curve was made, using distilled water blank. 
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3.9 Harvesting-
Okra is harvested in 60 to 70 days after planting when pods are 2 to 
3 inches long. At this stage the pods are still tender. Larger okra pods will 
tend to be enough and fibrous. The pods should not be allowed to mature on 
the plant because this will inhibit more pods from developing and reduce the 
productivity of the plant. Four successive harvestings were done on 17 June, 
26 June, 14 July and 24 July at the interval of 10 days each. 
3.10 Fertilizer Application-
Homogenous broadcasting of 60 kg P (2.14 gm P/pot) and 60 kg K 
(0.3 gm K/pot) ha'' was applied to the soil before owing, whereas the dose of 
N varies according to the experiment. The source of nutrients was urea, 
single super phosphate (SSP) and muriate of potash (MOP) in both the 
experiments. 
3.11 Experimentation-
The field experiment was performed according to factorial 
randomized block design during KJiarif season of 2008. The aim of the 
experiment was to study the effect of wastewater and groundwater on two 
varieties of Abelmoschus escultentus var. Nidhi and Kaveri under three 
levels of nitrogen ie. 90, 120 and 150 kg N ha'' with uniform basal doses of 
potassium and phosphorus ie. 60 kg ha' each. 
The scheme of the treatment is given in the Table 3. 
A uniform basal dose 60 kg P (2.14 gm P/pot) ha' and 60 kg K 
(0.3 gm K/pot) ha'' and three varying doses of nitrogen ie. 90 kg (0.485 gm 
N/pot), 120 kg (0.647 gm N/pot) and 150 kg (0.808 gm N/pot) N ha ' was 
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Table 3: Scheme of Treatment for Experiment (2008) 
(Experimental Design; Factorial Randomized) 
Treatments 
V1N90 
( 96.98) 
V,N,2o 
(129.31) 
ViN,5o 
(0.162) 
V2N90 
(96.98) 
V2N,20 
(129.31) 
V2N,50 
(0.162) 
Irrigation water 
GW 
+ 
+ 
+ 
+ 
+ 
+ 
WW 
+ 
+ 
+ 
+ 
+ 
+ 
lElemarks 
90 kg N ha' 
120kgNha-' 
150 kg N ha' 
90 kg N ha' 
120 kg N ha' 
150 kg N ha' 
N.B.: A uniform basal dose of 60 kg P ha"' (428.4 mg kg"' soil) and 60 kg K 
ha* (60 mg kg"'soil) was applied one day prior to sowing. 
Values in the paranthesis indicate the quantity of nitrogen in mg kg"' soil. 
Vi shows variety I ie. Nidhi whereas V2 shows variety II ie. Kaveri. 
applied as urea, single super phosphate and muriate of potash to the soil 
prior to sowing. Each treatment was replicated thrice. Out of 36 pots of 10 
inches var. Nidhi grown in 18 pots and var. Kaveri in remaining 18 pots and 
out of 18 pots of 10 each set 9 were irrigated with ground water and the rest 
9 were irrigated with wastewater. 
At 30 days interval ie. 45 days after sowing, 75 DAS and 105 DAS, 
one plant from each pot was taken out with the help of hand hoe and various 
growth characteristics (Section 3.11) and physiological parameters (Section 
3.12) were recorded. At harvest (ie. 105 DAS), yield attributes (Section 
3.13) were registered along with growth and physiological parameters. 
3.12 Statistical Analysis of the collected data-
The data obtained were analyzed statistically taking into 
consideration the variables in each experiment according to Panse and 
Sukhatme (1985). The 'F ' test was applied to assess the significance of data 
at 5% level of probability (P < 0.05). The error due to the replication was 
also determined. The model of analysis of variance (ANOVA) is given in 
Table 4. Critical difference (CD. or L.S.D.) was calculated to compare the 
mean values of various treatments. Pooled analysis was also carried out to 
check the varietal response in the experiment according to split-split plot 
design. 
3.13 Biotnetric Qbservation-
The observations were carried out at 30 days interval from 45 
days of sowing (45 DAS) till harvest (105DAS). One plant from each pot 
was cut at the soil level at various sampling stages for analysis of different 
growth and physiological parameters. At harvest, ie. at 60 to 70 days after 
planting when pods are 2 to 3 inches long, pods were collected at 10-10 days 
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Table 4: Model of Analysis of Variance (ANOVA) of Pooled data 
(Experimental Design: Split-split plot) 
Source of Variation 
Replication 
Treatment (A) 
Error (a) 
Variety (B) 
AxB 
Error (b) 
Water (C) 
AxC 
BxC 
AxBxC 
Error(c) 
Total 
df 
2 
2 
4 
1 
2 
6 
1 
2 
1 
2 
12 
35 
SS MSS F .Value Significance 
interval from one selected plant /pot. Then number of fruits /plant, fruit 
length, pedicel length, fresh weight of fruit and dry weight of fruit were 
recorded. The harvesting in case of Abelmoschus escul'entus is not of one 
day but of a definite time period from 70 DAS to 105 DAS or till plant ends. 
3.14 Growth Parameteis-
The following growth characteristics were studied at 45, 75 
and 105 DAS after sowing. 
1. Root length plant" 
2. Shoot length plant" 
3. Leaf number plant" 
4. Leaf area 
5. Flower number planf 
6. Root fresh weight planf' 
7. Shoot fresh weight planf' 
8. Root dry weight planf' 
9. Shoot dry weight planf' 
3.14.1 Dry Matter-
Plants collected were washed well with tap water. These 
sampled plants were divided into different parts like root, stem and fruit 
corresponding to different sampling stages and were dried in hot air oven at 
80°C for two days. The dried materials were weighed on electronic and 
physical balance and weight was recorded as dry weight. 
3.14.2 Leaf area-
Leaf area was recorded graphically. It was estimated by 
keeping individual leaf on graph and the cubes covered by it were counted. 
Then the value was multiplied by 0.25 and leaf area was calculated. 
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3,15 Physiological Parameters-
The following physiological parameters were studied at 45, 75 
and 105 days after sowing:" 
1. Chlorophyll Content 
2. Carotenoid Estimation 
3. Nitrase Reductase Activity (NRA) 
4. Carbonic Anhydrase Activity (CA) 
5. Net Photosynthetic Rate 
3.15.1 Chlorophyll Content-
The chlorophyll content in the fresh leaf was estimated 
following the method worked out by Mackinney (1941). 
1 gm of fmely cut fresh leaves was ground to a fme pulp using 
a mortar and pestle after pouring 20 cm^ of 80% acetone. The mixture was 
centrifuged at 5,000 rpm for 5 min. The supernatant was collected in 100 
cm' volumetric, flask. The residue was washed three times, using 80% 
acetone {Appendix C-3. Each washing was collected in the same volumetric 
flask and volume was made upto the mark, using 80% acetone. The 
absorbance was read at 645 and 663 nm against the blank (80%o acetone) on 
a spectrophotometer. The chlorophyll content present in the extract (mg kg' 
tissue) was calculated using the following equations: 
mg chlorophyll A kg tissue=I2.7(A663)-2.69(A645 )x 
mg chlorophyll B kg"' tissue=22.9(A645)-4.68(A663)>< 
total chlorophyll content=20.2(A645)+8.02(A663)^ 
lOOOxW 
V 
lOOOxW 
V 
lOOOxW 
where, A= absorbance of specific wavelengths 
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V= final volume of chlorophyll extraction in 80% acetone 
W= fresh mass of tissue used for extraction 
3.15.2 Carotenoid Estimation-
Carotenoids were estimated following the method of Machlachlan 
and Zalik (1963). For this 100 mg fresh leaves were homogenized in80% 
acetone, after filtering it the volume was maintained upto 10 ml. Readings 
were taken at 480 nm and 510 nm and carotenoids were calculated by the 
formula: 
. 7.6XA480-I.49XA510 V 
Carotenoid= x-1.4 loooxw 
Where, V=volume of acetone 
W^weight of fresh leaves 
3.15.3 Nitrate Reductase Activity (NRA)-
The activity of nitrate reductase was measured following the 
method laid down by Jawarski (1971) in fresh leaf samples. 
The leaves were cut into small pieces (1cm"). 0.2 gm of these 
chopped leaves were weighed and transferred to plastic vials. To each vial 
2.5 cm' of phosphate buffer pH7.5 {Appendix C-l(i)} and 0.5 cm of 
potassium nitrate solution {Appendix C-l(iii)} was added followed by the 
addition of 2.5 cm'of 5% isopropanol {Appendix C-l(ii)}. These vials were 
incubated in BOD incubator for 2 hr at 30±2°C in dark. 0.4 cm" of incubated 
mixture was taken in a test tube to which 0.3 cm' each of sulphanilamide 
solution {Appendix C-l(iv)} and NED-HCl {Appendix C-1(v)} were added. 
The test tube was left for 20 min. for maximum colour development. The 
mixture was diluted to5 cm"' with DDW. The absorbance was read at 540 nm 
on spectrophotometer. A blanlc was run simultaneously with each sample. 
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Standard curve was plotted by using known graded concentration of NaN02 
(sodium nitrite) solution. The absorbance of each sample was compared with 
that on the calibration curve and nitrate reductase activity (n mg"' h"') on 
fresh mass basis. 
3.15.4 Carbonic Aniiydrase Activity (CA)-
The carbonic anhydrase activity in the leaves as measured by 
the following method described by Dwivedi and Randhava (1974). 
The fresh leaf samples were cut into small pieces at a 
temperature below 25°C. 0.1 gm of these pieces were weighed and 
transferred to petriplates. The leaf pieces were cut further into smaller pieces 
in 2.5 ml of 0.2 M cystein hydrochloride {Appendix C-2(i)} and left at 4°C 
for 20 minutes. The leaf pieces were blotted and transferred to test tube 
containing 2 ml of sodium phosphate buffer of pH 6.8 {Appendix C-2(iv)}. 
The test tube was shaken gently and left at 4°C for 20 min. CO2 liberated by 
the catalytic action of CA on NaHCO^ was estimated by titrating the reaction 
mixture against 0.05 N HCl {Appendix C-2(v)}, using methyl red as 
indicator {Appendix C-2(vi)}. In each sample the quantity of HCl used to 
neutralize reaction mixture was noted and difference was calculated. A blank 
consisting of all the above components of reaction mixture, except the leaf 
sample, was run simultaneously with each set of samples. The activity of 
enzyme was calculated by putting the values in the formula 
activity of enzyme= [mol (CO2) kg"' (leaf fresh mass)s" 1 
w 
where, V= difference in volume (cm'of HCl used in control and test sample 
titration) 
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22= equivalent weight of CO2 
N= normality of HCl 
W= fresh mass of tissue used 
3.15.5 Net Photosynthetic Rate-
The photosynthetic rate, stomatal conductance and photosynthetic 
water use efficiency (PWUE) at each selected stage was measured in fully 
expended leaves, of somewhat the same age in all the replicates of plants by 
using Ll.COR-6400,portable photosynthetic system (Nebraska, USA). Each 
observation was replicated thrice. All the measurements were made on 
colourless clear days between 11:00 and 13:00 solar time. 
3.16 Biochemical Analysis-
Dried plant materials collected at different sampling stages were used 
for the estimation of NPK content and its accumulation. The details of the 
estimation procedures are as follows: 
Estimation of Nitrogen, Piiosphorus and Potassium in Leaf 
3.16.1 Digestion of Powder-
Sample powder was digested according to Lindner (1944) for the 
estimation of N, P and K.lOO mg of dried powder was taken in a 50 ml 
Kjeldahl flask. To this, 2 ml of concentrated sulphuric acid was added and 
the mixture was heated for 2 hrs. After the time of 2 hrs, the colour of the 
mixture turned black. After cooling for about 15 minutes, 0.5 ml of 
chemically pure 30% H2O2 was added drop by drop and this procedure was 
repeated till a clear solution is obtained. The peroxide digested material was 
transferred to a 100 ml volumetric flask, three or four wash in distilled water 
and the volume was made upto the mark. 
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3.16.2 Estimation of Nitrogen-
Nitrogen was estimated following the method of Cirt5ffef^^44).A 10 
ml of aliquot of the peroxide digested material was taken in a 50 ml 
volumetric flask and to which 2 ml of 2.5N sodium hydroxide {Appendix C-
4(i)j and 1 ml of 10% sodium silicate solution {Appendix C-4(ii)} was 
added to neutralize excess of acid and to prevent turbidity respectively. The 
volume of the solution was made upto the mark with the help of distilled 
water. In a 10 ml gradiated test tube, 5 ml aliquot of this solution was taken 
and 0.5 ml of Nessler's reagent was added. The final volume was made 10 
ml with the distilled water. After waiting for 5 minutes to develop the 
colour, the optimal density of the solution was determined at 520 nm on 
'Spectronic-20' spectrophotometer. 
A blank as prepared by adding 0.5 ml of Nessler's reagent. 2 ml of2.5 
N NaOH and 1 ml of 10% sodium silicate in a 10 ml graduated test tube and 
the final volume was made by 6.5 ml of double distilled water. 
A standard curve was prepared by taking 25 mg of ammonium 
sulphate in500 ml of volumetric flask and volume was made with DDW. 
From this solution 0.1, 0.2, 0.3 1.0 ml was taken by a pipette and 
poured into 10 test tubes, each mark of their respective volume of stock 
solution. These were then diluted upto 5 ml. Thereafter 0.5 ml of Nessler's 
reagent was added, a yellow colour was developed in few minutes in each 
test tube of varied intensities according to the concentration of the stock 
solution present in it. 
The solutions of a standard and samples were read using a 
spectrophotometer. Each solution was transferred in a spectrophotometer 
tube and % of transmittance was read at 520 nm. Their respective optical 
densities were determined either from the formula: 
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O.D. =2-log% transmittance 
A calibration curve was plotted with optical density on X-axis and 
known concentration of ammonium sulphate on Y- axis and the nitrogen was 
expressed in terms of percentage on dry bases. The concentration of the 
sample was determined by plotting with optical density. 
3.16.3 Estimation of Piiosphorus-
Phosphorus content in the sulphuric acid digested material was 
estimated by the method of Fiske and Subba Raw (1925). 
A 5 ml of aliquot from each sample was taken in 10 ml graduated teat 
tubes. To each test tube 1 ml of molybdic acid reagent {Appendix C-4(iii)} 
was added carefully by the addition of 0.4 ml of 1-amino 2-naphthol 4-
sulphonic acid {Appendix C-4(iv)}. The colour turned blue. The solution 
was made upto 10 ml with the help of double distilled water. The solution 
was shaken for 5 minutes and then transferred to a colorimetric tube to 
observe the optical density in 'Spectronic-20' at 620 nm. Simultaneously a 
blank prepared by taking 5 ml of DDW +1 ml of molybdic acid reagent and 
0.4 ml of 1-amino 2-naphtol 4-sulphonic acid was run with each set of 
determination. 
A standard solution was prepared by dissolving 350 mg of KH2PO4 in 
500 ml of DDW to which 10 ml of 10 N sulphuric acid {Appendix C-4(v)} 
was added and the final volume was made upto 1000ml with the help of 
DDW. From this stock solution different test tubes and each test tube was 
marked by its concentration. In each test tube 1 ml of molybdic acid reagent 
and 0.4 ml of 1-amino 2-naphthol 4-sulphonic acid was added. After 5 
minutes O.D. was read at 620 nm in a spectrophotometer. A standard curve 
was prepared using different dilutions of KH2PO4 solution versus optical 
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density. With the help of this standard curve the content of phosphorus in the 
leaf powder in terms of percentage was determined. 
3.16.4 Estimation of Potassium-
It was estimated with the help of flame photometer. 10 ml aliquot was 
taken and read by using the filter for potassium. A blank was also run side 
by side with each set of determination. The readings were compared with 
calibration curve plotted using known dilutions of standard potassium 
chloride solution. For standard curve for potassium 1.91 gm potassium 
chloride was dissolved in 100 ml DDW, of which 1 ml solution was diluted 
to 1000 ml. The resulting solution was of 10 ppm potassium. From this 1, 2, 
3, 4, 5, 6, 7, 8, 9 and 10 ml solution was transferred to 10 vials separately. 
The solution in each vial was diluted to 10 ml. The diluted solution of each 
vial was run separately. A blanlc was also run with each set of determination. 
Standard curve was prepared using different dilutions of potassium chloride 
solution versus readings on the scale of galvanometer. The amount of 
potassium present in sample was determined with the help of standard curve. 
3.17 Yield Attributes-
Following parameters which contributed for the final produce was 
recorded at harvest. 
1. Number of fruits planf 
2. Fruit Length 
3. Pedicel Length fruif' 
4. Fresh weight of fruit 
5. Dry weight of fruit 
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CHAPTER-4 
RESULTS 
In this chapter pooled data of the two varieties of okra {Abelmoschus 
esculentiis) are briefly written with the aim to study the use of wastewater 
(WW) along with different combinations. 
4.1 Growth Parameters-
The growth parameters noted at vegetative, flowering and fruiting 
stages (45, 75 and 105 DAS) were shoot length plant"', shoot fresh weight 
planf',shoot dry weight plant, leaf number plant"', leaf area plant"', root 
length planf ,root fresh weight planf',root dry weight planf' and flower 
number planf'.Only the significant data are briefly explained. 
4.1.1 Shoot length plant '-
The wastewater (WW) proved best as it enhanced the shoot length 
by 7.27%, 7.22% and 2.20% over ground water (GW) at vegetative, 
flowering and fruiting stages respectively (Table 5-7).Out of three fertilizer 
treatments, N120 proved optimum as it was statistically similar to N150 and it 
increased the shoot length by 11.48%) and 2.69% over N90 at flowering and 
fruiting stages respectively. Whereas, at vegetative stage N150 proved better 
as it enhanced the shoot length by 8.78%) over N90. In both the varieties, 
Kaveri proved best as it showed an increase of 18.79%o, 26.80 and 7.07%o 
over Nidhi at three stages respectively. 
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At vegetative stage, the interaction of WWN120 in both varieties 
proved best and showed an increase of 15.98% and 17.93% over GWN90 in 
var. KaveYi and Nidhi respectively. Whereas, at flowering all the interactions 
were statistically non-significant. While, at fruiting stage in case of var. 
Kaveri WWN150 proved best and statistically similar to GWNisovin var. 
Kaveri as it increased the shoot length by 4.26%) over GWNoo.At the same 
stage, WWN120 in case of var. Nidhi proved best as it enhanced the shoot 
length by 6.10% over GWN90. 
4.1.2 Shoot fresh weight plant' -
The wastewater (WW) proved best as it increased the shoot fresh 
weight by 3.51%, 36.18% and 20.67% over ground water (GW) at 
vegetative, flowering and fruiting stages respectively (Table 8-10). Out of 
the three fertilizers treatment N120 proved optimum because it was 
statistically similar to N150 and it increased the shoot fresh weight by 5.28% 
and 26.74% over N90 at vegetative and fruiting stages respectively. Whereas, 
at flowering, N150 was better as it enhanced the shoot fresh weight by 
70.72% over ISI90. In both the varieties, var. Kaveri proved best as it showed 
an increase of 4.67%, 11.62% and 9.34%o over var. Nidhi at three growth 
stages respectively. 
The interaction of WWN120 in var. Nidhi proved best and 
statistically similar to WWN150 and GWN150 in the var. Nidhi at vegetative 
stage as it showed an increase of 7.07% and 140.78% in shoot fresh weight 
over GWN90 at vegetative and flowering stages respectively. The interaction 
of WWN9() in var. Nidhi proved better and statistically similar to GWN120 as 
it enhanced the shoot fresh weight by 1.78% and 74.11% at vegetative and 
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flowering stages respectively. At last stage, the interaction of WWM150 in tiie 
var. Nidhi was better and statistically similar to GWN150 in var. Nidhi. The 
interaction of WWN150 in Kaveri proved best and statistically similar to 
GWNiso as it showed an increase of 10.79% and 40% in shoot fresh weight 
over GWNijo at vegetative and fruiting stages respectively. WWN90 in 
Kaveri proved better and statistically similar to GWN120 in var. Kaveri and 
showed an increase of 3.83%) and 16% over GWN90 at vegetative and 
fruiting stages respectively. Whereas, at flowering stage, WW'Ni2o in var. 
Kaveri proved best as it enhanced shoot fresh weight by 168.87%) over 
GWNoo. 
4.1.3 Shoot dry weight plant"'-
WW also enhanced the shoot dry weight by 11.36%, 19.96%o and 
7.18% over GW at vegetative, flowering and fruiting stages respectively 
(Table 1 1-13).Out of the three fertilizer treatments, N120 proved optimum as 
it was statistically similar to N150 and it enhanced this parameter by 26.50%) 
and 10.80%o over N90 at flowering and fruiting . Whereas, at vegetative stage, 
N|5(i proved better as it increased the shoot dry weight by 21.70%) over Ngo. 
In both the varieties, var. Kaveri proved superior as it showed an increase of 
40.71%), 27.30% and 42.09%) over var. Nidhi in vegetative, flowering and 
fruiting stages respectively. 
At vegetative stage, the interaction of WWN150 in var. Kaveri proved 
best and statistically similar to GWN150 in var. Kaveri as it enhanced the 
shoot dry weight by 26.52%o over GWN90. The interaction of WWN90 in var. 
Kaveri proved better and statistically similar to GWN120 in var. Kaveri as it 
showed an increase of 12.38% in over GWN90. At the same stage, WWNI20 
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in case of var. Nidhi proved best and at par with WWN150 and it enhanced 
the shoot dry weight by 44.98% over GWNgo- Whereas, at flowering and 
fruiting stages, ail the interactions were statistically non-significant. 
4.1.4 Leaf Number plant" -
The wastewater (WW) proved best as it enhanced the leaf number by 
8.02%, 14.22% and 22.35% over ground water (GW) at vegetative, 
flowering and fruiting stages respectively (Table 14-16). Out of the three 
fertilizer treatments, N120 proved optimum and statistically similar to N150 as 
it increased the leaf number by 13.79%), 15.95% and 24.01% over N90 in 
vegetative, flowering and fruiting stages respectively. In both the varieties, 
var. Kaveri proved best as it showed an increase of 8.15% and 14.22% in 
leaf number over var. Nidhi at vegetative and flowering stages respectively. 
Whereas, at fruiting stage, both the varieties are non-significant. 
At vegetative, flowering and fruiting stages al the interactions are 
statistically non-signiflcant. 
4.1.5 Leaf area plant"'-
The wastewater proved best as it enhanced the leaf area by 3.30%, 
3.60% and 14.95%o over groundwater at three stages respectively (Table 17-
19). Among the fertilizer treatments, N150 was better as it increased the leaf 
area by 23.14%) and 4.72% over N90 at vegetative and flowering stages. 
Whereas, at fruiting, N|2() gave higher value although it was statistically 
similar to Niso and it enhanced the leaf area by 4.50%) over N90. in both the 
varieties, var. Kaveri proved best as it showed an increase of 51.61% and 
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46.06% over var. Nidhi at vegetative and flowering stages respectively. 
Whereas, at vegetative stage, var. Kaveri proved good. 
The interaction of WWlMiso in the var. Nidhi proved good and 
statistically similar to GWNiso in var. Nidhi as it showed an increase of 
9.10% and 8.09% over GWN90 at vegetative and flowering stages. On the 
other hand, at fruiting stage, WWN120 interaction in case of var. Nidhi 
proved best and statistically similar to the interaction of WWN150 in the 
same var. as it increased the leaf area by 50.94%) over GWN90. Whereas, in 
case of Kaveri, at fruiting stage, WWN120 was better. On the other hand, at 
vegetative and flowering stage, WWN120 in the same var. proved best as it 
showed an increase of 7.40% and 7.79% over GWN90. 
4.1.6 Root length plant '-
The WW proved best as it enhanced the root length by ! 1.13%), 7.40% 
and 6.73% over GW at vegetative, flowering and fruiting stages respectively 
(Table 20-22). Out of the fertilizer doses, N150 proved best as it increased the 
root length by 20.55% and 13.20%) over N90 at vegetative and flowering 
stages respectively. Whereas, at fruiting stage, N120 proved best as it was 
statistically equal to N150 and it showed an increase of 8.81% over N90. hi 
both the varieties, var. Kaveri proved best as it enhanced the root length by 
12.19%), 39.67%) and 30.21%o over var. Nidhi at three stages respectively. 
Among the interactions WWN150 in case of var. Kaveri proved good 
and statistically equal to GWN150 in case of var. Kaveri as it enhanced the 
root length by 15.75% and 1 1.08%) over GWN90 at flowering and fruiting. At 
flowering, WWN150 in var. Nidhi proved optimum and statistically similar to 
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GWN|5() in var. Nidhi as it showed an increase of 25.32% over GWN90. 
While at fruiting stage WWN120 interaction in var. Nidhi proved best as it 
increased the root length by 24.08% over GWN90. Whereas, at vegetative 
stage, ail the interactions were non- significant. 
4.1.7 Root fresh weight plant '-
The wastewater proved best as it enhanced the root fresh weight by 
24.18%, 16.06%) and 4.30% over groundwater at three sampling stages 
respectively (Table 23-25).Among fertilizer treatments, N150 proved best as 
it increased the root fresh weight by 55.56% and 31.78% over N()o at 
vegetative and flowering stages respectively. Whereas, at fruiting stage, N120 
proved optimum. In both varieties, var. Kaveri proved best as it showed an 
increase of 6.06%), 67.94% and 23.07%) over var. Nidhi at vegetative, 
flowering and fruiting stages respectively. 
The interaction of WWN150 in var. Kaveri proved best and at par with 
OWN 150 as it increased the root fresh weight by 56.20%) and 5.66% over 
GWNooat flowering and fruiting stages respectively. WWN<;o in var. Kaveri 
was better and statistically similar to GWN120 in var. Kaveri and also similar 
to GWN()o in var. Kaveri at flowering as it showed an increase of 10.85% 
and 3.63% over GWNyo at flowering and fruiting. WWN150 in case of var. 
Nidhi proved optimum and statistically similar to GWN150 in case of var. 
Nidhi as it enhanced the root fresh weight by 13.30%) over GWN90 at 
fruiting stage. Whereas, at flowering stage, WWN120 in var. Nidhi proved 
best and statistically similar to GWN150, WWN150 and WWN90 in the same 
variety as it showed an increase of 18.55% over GWN90. Whereas, at 
vegetative stage, interactions were non-significant. 
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4.1.8 Root dry weight plant '-
The wastewater also enhanced the root dry weight by 96.30%, 17.51% 
and 17.09%) over ground water at vegetative, flowering and fruiting stages 
respectively (Table 26-28). The treatment Niso proved best it increased the 
root dry matter by 287.42% and 24.65%o and 24.56%) over N90 at three 
sampling stages respectively. In both varieties, var. Kaveri proved best as it 
enhanced 12.l5%o and 15.14% more dry weight over var. Nidhi at flowering 
and fruiting stages respectively. Whereas, at early stage, var. Nidhi proved 
best. 
The interaction of WWN90 in the var. Kaveri proved better and at par 
with GWN90 in var. Kaveri at vegetative stage as it enhanced the root dry 
weight by 46.15%), 12.01% and 17.34%o over GWN90. On the other hand, at 
vegetative stage, WWN(2o in var. Kaveri proved best and statistically similar 
to WWNi5() and GWN150 in var. Kaveri as it showed an increase of 129.23%) 
over GWNoo. WWNiio in var. Nidhi was at par with WWN150 and GWN150 
in the same var. as it increased this parameter by 1905.77%) over GWN90 at 
vegetative stage. At the same stage, GWN120 in the var. Nidhi proved better 
and at par with GWN90 in the same var. as it enhanced the root dry weight by 
71.15%o over GWN9o. At flowering, WWN150 in the var. Nidhi proved best 
while at fruiting, WWNi^o in var. Nidhi proved best. 
4.1.9 Flower Number plant '-
The wastewater proved best as it enhanced it by 49.66%) and 28.39%) 
over groundwater at flowering and fruiting stages (Tables 29 and 30). The 
treatment N120 proved good as it showed an increased of 50%) over N90 at 
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flowering stage. Whereas, at fruiting, N120 proved best and at par with N150 
as it increased the flower number by 46.04% over N90. In both the varieties, 
var. Kaveri proved best as it enhanced the flower number by 40.67% and 
13.04%) over var. Nidhi at flowering and fruiting stages respectively. 
At flowering and fruiting stages, all the interactions were statistically 
non-significant. 
4.2 Physiological Parameters-
The physiological parameters noted at vegetative, flowering and 
fruiting stages (45, 75 and 105 DAS) were chlorophyll 'a ' , chlorophyll 'b ' , 
total chlorophyll content, carotenoid content, carbonic anhydrase activity 
(CA), nitrate reductase activity (NRA), photosynthetic rate, stomatal 
conductivity and photosynthetic water use efficiency (PWUE). Only the 
significant data are briefly explained. 
4.2.1 Chlorophyll 'a'-
The wastewater proved best as it enhanced the chlorophyll 'a' by 
22.92%o, 27.24% and 36.26%) over groundwater at vegetative, flowering and 
fruiting stages respectively (Table 31-33).Out of the three fertilizer 
treatments, N150 proved best as chlorophyll 'a' was increased by 60.17%%, 
75.30% and 107.81%)%) over N90 at the three sampling stages respectively, in 
both the varieties, var. Kaveri proved best as it showed an increase of 
15.26%, 19.67% and 24.26% over var. Nidhi at the three growth stages 
respectively. 
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Al vegetative stage, WWNiso in var. Kaveri proved best and at par 
with GWN|5o in var. Kaveri as it showed an increase of 82.54% over 
GWNoo. The interaction of WWN120 in case of var. Nidhi proved best and 
statistically equal to WWN150 and GWN150 in case of var. Nidhi as it 
enhanced the chlorophyll 'a' by 112.12% over GWNQO- WWN90 interaction 
in var. Nidhi proved better and statistically similar to GWNi^o in var. Nidhi. 
Whereas, al llowering and fruiting stage, all the interactions were non-
significant. 
4.2.2 Chlorophyll 'b ' -
The wastewater also proved good for chlorophyll 'b ' . it was enhanced 
by 7.74%o, I0.72%o and 21.10% over groundwater at three samplings (Table 
34-36). Out of the fertilizer doses, N150 was best as it increased chlorophyll 
'b ' by 10.56%, 13.23%) and 26.82%) over N90 at the three sampling stages, in 
both the varieties, var. Kaveri proved best as it showed an increase of 5.25%o, 
8.89%) and 16.37%) over var. Nidhi at vegetative, flowering and fruiting 
stages respectively. 
The interaction of WWN150 in var. Kaveri proved best and it was at 
par with GWN150 in var. Kaveri as it increased chlorophyll 'b ' by 17.04%o 
and 20.64%) over GWN90 at vegetative and flowering stages respectively. 
Whereas, at vegetative stage, the interaction of WWN120 in var. Kaveri was 
best as it increased 62.76%) chlorophyll 'b ' over GWNw at the three growth 
stages respectively. On the other hand, in case of var. Nidhi, WWN120 
proved best as it showed an increase of 21.22%, 32.82%o and 58.80%) in 
chlorophyll 'b ' over GWNQO at the three growth stages respectively. 
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4.2.3 Total Chlorophyll Content-
Like earlier parameters, wastewater also proved best for total chlorophyll 
content which was increased by 20.14%, 19.34% and 38.84%) overground 
water at three stages of growth (Table 37-39). The nitrogen treatment Niso 
was best as it showed an increase of 49.29%), 64.52%) and 137.75% over N90 
at three samph'ngs. (n both the varieties, var. Kaveri proved best as increased 
the total chlorophyll content by ll.58%o, 15.65%o and 19.26%) at vegetative, 
flowering and fruiting stages respectively. 
The interaction of WWN150 in var. Kaveri proved best and at par with 
GWN|5() in var. Kaveri as it showed an increase of 65.38%o, 87.53% and 
195.11%) over GWN90 at three stages respectively. At late stage, the 
interaction of WWNiso in the var. Nidhi proved best and statistically similar 
to GWN|5() in var. Nidhi as it increased the total chlorophyll content by 
301.85%) over GWNgo. Whereas, at vegetative and flowering, WWN150 in 
var. Nidhi proved best as it showed an increase 125.95% and 84.55%o in total 
chlorophyll content over GWNQO-
4.2.4 Carotenoid content-
The wastewater again proved best as it enhanced the carotenoid 
content by 17.38%, 2l.02%o and 26.60% over ground water at vegetative, 
flowering and fruiting stages respectively (Table 40-42). Out of the fertilizer 
treatments, Ni^ o proved best which increased the carotenoid content 
by32.04%), 44.31% and 58.39% over N90 at three samplings. In both the 
varieties, var. Kaveri proved best as it showed an increase of 21.66%, 
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24.95% and 8.14% in carotenoid content over var. Nidhi at three sampling 
stages. 
The interaction of WWN150 in case of var. Kaveri proved best and at 
par with GWN150 in case of var. Kaveri as it showed an increase of 89.49%) 
and 69.37%) over GWNoo at flowering and fruiting "stages respectively. 
Whereas, at vegetative stage, WWN120 in var. Kaveri proved good as it 
showed an increase of 58.26% over GWN90. On the other hand, in case of 
Nidhi, WWN|2() proved best as it increased carotenoid content by 74.25%o 
and 152.38% over GWN()o at vegetative and fruiting stages respectively. 
While, at (lowering stage, WWN150 in var. Nidhi proved best and 
statistically equal to GWN150 in var. Nidhi as it increased the carotenoid 
content by 83.70% overGWNoo-
4.2.5 Carbonic Anhydrase activity (CA)-
The wastewater also increased the carbonic anhydrase activity by 
21.83%, 22.54%) and 23.58% over ground water at vegetative, flowering and 
fruiting stages respectively (Table 43-45). While taking the fertilizer 
treatments, N150 proved best. It increased the carbonic anhydrase activity by 
48%), 47.30% and 47.45%o over N90 at three stages. In both the varieties, var. 
Kaveri proved good as it showed an increase of 11.27%o, 9.07% and50.79%) 
in carbonic anhydrase activity over var. Nidhi at three samplings. 
The interaction of WWN120 in var. Kaveri proved best. It was 
responsible for the increase in carbonic anhydrase activity by 93.98%), 
88.52% and 101.48%) over GWN90 at three stages respectively. In case of 
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var. Nidhi, WWN120 proved best as it increased this parameter by 75%, 
89.94% and 85.02% over GWN90 at the three samplings. 
4.2.6 Nitrate Reductase activity (NRA)-
The wastewater again proved best in increasing the activity of nitrate 
reductase by 0.47% and 0.55% over ground water at flowering and fruiting 
stages respectively whereas at vegetative stage it was non-significant (Table 
46-48). Out of the fertilizer doses, N150 was best as it increased the NR 
activity by 0.92% and 0.99% over N90 at flowering and fruiting respectively 
whereas at vegetative stage it was non- significant. In both the varieties, var. 
Kaveri proved best as it showed an increase of 1.02%, 0.97% and 0.28% 
over var. Nidhi at vegetative, flowering and fruiting stages respectively. 
At flowering, the interaction of WWN120 in var. Kaveri was best 
giving an increase of 1.46% over GWNQO- WWN120 in var. Nidhi proved best 
as it showed an increase of 1.23% in NR activity over GWN90. At fruiting 
stage, WWN|5() in var. Kaveri proved best and similar to GWN150 in var. 
Kaveri as it increased the NR activity by 1.34% over GWN90. The 
interaction of WWNiso in var. Nidhi proved best and similar to GWN150 in 
var. Nidhi as it showed an increase of 1.72% over GWN90.Whereas, at 
vegetative stage, all the interactions were non-significant. 
4.2.7 Pliotosynthetic rate-
For this parameter also, WW proved best as it enhanced it by 12.04%, 
5.01% and 2.57% over GW at three sampling stages respectively (Table 49-
51). Among nitrogen treatments, N130 increased the photosynthetic rate by 
26.65%, 10.15% and 3.61% over N90 at vegetative, flowering and fruiting 
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stages respectively. In both the varieties, var. Kaveri proved best as it 
showed an increase of 1 i .60% and 10.35% over var. Nidhi at flowering and 
fruiting whereas, at vegetatPve stage var. Nidhi was better as it showed an 
increase of 16.09% over var. Kaveri. 
The interaction of WWN150 in var. Kaveri was statistically equal to 
GWNiso in var. Kaveri as it enhanced the photosynthetic rate by 12.73% and 
3.62% over GWNyo at (lowering and fruiting stages respectively. At 
vegetative stage, WWN120 in var. Kaveri proved best and it was at par with 
WWNiso in var. Kaveri. While WWN120 in var. Nidhi proved best and 
statistically similar to GWNLSO and WWN150 in var. Nidhi as it increased the 
photosynthetic rate by 3.07% over GWN90. At flowering, the interaction of 
WWN|5() in var. Nidhi was statistically similar to GWN150 in var. Nidhi. 
WWN90 in var. Nidhi was better and statistically similar to GWN120 in var. 
Nidhi as it shoed an increase of 1.07% and 10.79% over GWN90 at 
vegetative and llowering. Whereas, at fruiting, WWN120 in var. Nidhi proved 
best as it increased this parameter by 10.15%o over GWN90. 
4.2.8 Stomatal Conductance-
WW enhanced the stomatal conductance by 12.70%, 24.80% and 
22.02% over GW at vegetative, flowering and fruiting stages respectively 
(Table 52-54). Out of the three fertilizer treatments, N150 proved best as it 
increased it by 33.91%) and 28.64% over Nw at flowering and fruiting 
whereas at vegetative stage N120 was optimum and it was statistically equal 
to N|5() as it increased this parameter by 16.81% over NQQ. In both the 
varieties, var. Kaveri proved best as it showed an increase of 7,.75%, 1.43% 
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and 1.25% over var. Nidhi at vegetative, flowering and fruiting stages 
respectively. 
At flowering, WWN150 in var. Kaveri proved best and at par with 
GWN|50 in var. Kaveri as it showed an increase of 58.16% over GWNgo.On 
the other hand, in var. Nidhi, WWN120 proved best as it increased this 
parameter by 83.42% over GWNQO- Whereas, at vegetative and fruiting 
stage, all the interactions were statistically non-significant. 
4.2.9 PhotosyiUhetic Water Use Efficiency (PWUE)-
The wastewater also improved the photosynthetic water use efficiency 
by 50.21%, 10.85% and 10.75% over groundwater at vegetative, flowering 
and fruiting stages respectively (Table 55-57). While, among the nitrogen 
doses, N|5() was best as it increased it by 29.96%, 14.80% and 14.73% over 
Nix). In both the varieties, var. Kaveri proved better as it showed an increase 
of 4.17%, I 1.09% and 8.80% over var. Nidhi at vegetative, flowering and 
fruiting stages respectively. 
At vegetative stage, WWN150 in var. Nidhi proved best and at par with 
WWNyo in var. Nidhi as it increased the photosynthetic water use efficiency 
by 69.84% over GWN90. At flowering stage, WWN150 in var. Nidhi proved 
best and similar to GWNjso in var. Nidhi as it enhanced the photosynthetic 
water use efficiency by29.63% over GWN90. At early stage, the interaction 
of WWNi2(i in var. Kaveri proved best as it improved this parameter by 
l49.39%over GWNcjo. While at flowering stage, WWN150 in var. Kaveri was 
good and it was at par with GWN150 in var. Kaveri as it showed an increase 
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of 22.20% over GWN(K).Whereas, at fruiting, all the interactions were non-
significant. 
4.3 Leaf Analysis-
The analysis of leaf was undertai<en at vegetative, flowering and 
fruiting stages (45, 75 and 105 DAS). Leaf nitrogen, potassium and 
phosphorus content were analyzed and explained briefly as follows: 
4.3.1 Nitrogen Content (N)-
The wastewater also enhanced the nitrogen content by 15.11%, 
21.41% and 24.38% over groundwater at vegetative, flowering and fruiting 
stages respectively (Table 58-60).Out of the three nitrogen treatments, N150 
increased the nitrogen content by 27.17%, 47.78% and 50.38%) over NQO at 
vegetative, flowering and fruiting stages respectively. In both the varieties, 
var. Kaveri proved best as it showed an increase of 20.71%, 13.14% and 
18.62% over var. Nidhi at vegetative, flowering and fruiting stages 
respectively. 
The interaction of WWM150 in var. Kaveri proved best and at par 
with GWNiso in var. Kaveri as it showed an increase of 46.88% and 71% 
over GWNcx) at vegetative and flowering. On the other hand, in case of var. 
Nidhi, WWN|2() proved best at the flowering stage and it increased this 
parameter by 98.38% over GWN90. While at vegetative stage, the interaction 
of WWN150 in case of var. Nidhi proved best and statistically similar to the 
interaction of GWNiso in var. Nidhi as it showed an increase of 56.08% in 
nitrogen content over GWN90. Whereas, at fruiting stage all the interactions 
were statistically non-significant. 
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4.3.2 Phosphorus Content (P)-
The wastewater also improved the phosphorus content by 26.71%, 
34.21% and 46.40% over groundwater at vegetative, flowering and fruiting 
stages respectively (Table 61-63).Among the fertilizer treatments, Niso 
proved best as it increased the phosphorus content by 49.87%), 67.72% and 
I l6.l3%o over N9() at vegetative, flowering and fruiting stages respectively. 
In both the varieties, var. Kaveri proved best as it showed an increase of 
15.87%), 38.39% and 48.39% over var. Nidhi at sampling stages 
respectively. 
The interaction of WWN120 in case of var. Kaveri proved best. It was 
responsible for the increase in phosphorus content by 99.08%) and 260.80% 
over N()() at vegetative and fruiting stages respectively. Whereas, at flowering 
stage WWN|5() in the same var. proved best and statistically similar to 
GWN|5() as it showed an increase of 135.87%) in phosphorus content over 
GWN^.On the other hand, in case of var. Nidhi, WWN120 proved best as it 
showed an increase of 145.91%), 259.52%) and 439.73%) in this parameter 
over GWN()o at the three samplings respectively. 
4.3.3 Potassium Content (K)-
The wastewater proved best for potassium content also by increasing 
3l.l3%o, 34.11%) and 39.58%) more K content over groundwater at 
vegetative, flowering and fruiting stages respectively (Table 64-66). Out of 
the three treatments, N150 proved best as it increased it by 72.97%), 81.55% 
and 102.20%) over NI^ Q at vegetative, flowering and fruiting stages 
respectively. In both the varieties, var. Kaveri proved best as it showed an 
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increase of 10.06%, 20.74% and 68.69% in over var. Nidhi at vegetative, 
flowering and fruiting stages respectively. 
The interaction of WWN120 in var. Kaveri was best giving an increase 
of 184.54%) and 144.49%) over GWN90 at vegetative and flowering stages 
respectively. At fruiting stage, WWN150 in var. Kaveri proved best and at par 
with GWN|5() in the same var., as it showed an increase of 21 1.89%o over 
GWNoo At vegetative stage, WWN150 in var. Nidhi was good and it was at 
par with GWN150 in var. Nidhi as it showed an increase of 183.33% in 
potassium content over GWNQO. While, at flowering stage, WWN90 in var. 
Nidhi proved better and statistically equal to GWN120 in var. Nidhi as it 
increased the potassium content by 104.83%o over GWN90. Whereas, at 
fruiting stage, in case of var. Nidhi, WWN120 proved best as it showed an 
increase of 257.47% over GWNQO-
4.4 Yield Parameters-
The yield parameters noted at four simultaneous harvestings at the 
interval of 10 days were number of fruits plant"', fruit length planf', pedicel 
length fruit planf , fresh weight of fruit planf' and dry weight of fruit planf 
. Only the significant data are briefly explained. 
4.4.1 Number of fruits planf'-
At fourth harvest, the wastewater proved best as it enhanced the 
number of fruits by 36.84%) over groundwater whereas at flrst, second and 
third harvest this parameter is statistically non-signiflcant (Tables 67-70). 
Among the three fertilizer treatments, N|2() proved best at third harvest as it 
increased the number of fruits by 58.45%) over N90 whereas at rest of the 
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harvestings this is non-significant. On the other hand, the varietal difference 
is statistically non-signillcant in all the harvestings. All the interactions are 
also non-significant in the four harvestings. 
4.4.2 Fruit Length plant '-
The WW also enhanced the fruit length by 11.96% and 11.95% over 
GWN()(i at third and fourth harvest respectively (Table 71-74). Out of the 
three nitrogen treatments, N150 was best as it increased the fruit length by 
26.76% and 25.59% over N ^ at third and fourth harvest respectively. In both 
the varieties, var. Kaveri proved best as it showed an increase of 7.40%, 
10.24% and 7.58%) in fruit length over var. Nidhi at first, third and fourth 
harvestings respectively. Whereas, at first and second harvest, water and 
treatment were statistically non-significant while the varietal difference was 
non-significant only at second harvest. 
Al fourth harvest, among the interactions, WWN150 in var. Kaveri 
proved good and statistically equal to GWN150 in case of var. Kaveri 
enhanced this parameter by 38.48%) over GWN90. While WWN150 also 
proved best in var. Nidhi and it was at par with GWN150 in var. Nidhi and it 
increased it by 37.31%) over GWN90. On the other hand, all the interactions 
were statistically non-significant in first, second and third harvests. 
4.4.3 Pedicel Length fruit"'-
The wastewater also improved the pedicel length by 25.14%) and 
25.68%) over groundwater at third and fourth harvest respectively (Table 75-
78). While, among the nitrogen doses, N150 proved best as it increased the 
pedicel length by 40.12%o over N90 at fourth harvest whereas N120 proved 
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optimum and at par with N150 as it siiowed an increase of 34.62% over N90 at 
third harvest. In both the varieties, var. Kaveri vv^ as best and increased this 
parameter by 25.78%, 44.78%), 23.86% and 16.23% over var. Nidhi at first, 
second, third and fourth harvest respectively. Whereas, at first and second 
harvest, water and treatment were statistically non-significant. 
The interaction of WWN120 in var. Kaveri proved best as it showed an 
increase of 78%o in pedicle length over GWM90 at the fourth harvest. 
Whereas, WWN120 also proved best in case of var. Nidhi and it showed an 
increase of 106.09%o in this parameter over GWN90 at the fourth harvest. On 
the other hand, all the interactions were non-significant in first, second and 
third harvest. 
4.4.4 Fresh weight of fruit plant"'-
The wastewater also proved best for fresh weight of fruit. It was 
enhanced by 13.92%) and 13.40% over groundwater at third and fourth 
harvest whereas it was non-significant at first and second harvest (Table 79-
82).The nitrogen treatment Niso was best as it showed an increase of 29.89% 
and 30.47% over N<x) at third and fourth harvest, whereas like water the 
treatments were also non-significant at first and second harvest. In both the 
varieties, var. Kaveri was best and at par with var. Nidhi as it showed an 
increase of 9.97%o and 31.19%) in it over var. Nidhi at first and second 
harvest whereas at third and fourth harvests, var. Kaveri proved best as it 
enhanced the fresh weight of fruit by 18.99%) and 13.79%o over var. Nidhi. 
WWN|5o in var. Kaveri proved best and statistically equal to GWN150 
in var. Kaveri as it showed an increase of 42.69%) and 49.45%o in fresh 
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weight of fruit over GWNgo at third and fourth harvestings. At third harvest, 
the interaction of WWNiso in var. Nidhi was best and at par with GWNiso in 
var. Nidhi. It was responsible for the increase in fresh weight of fruit by 
51.42% over GWNooat third harvest. On the other hand, at fourth harvest, 
WWNi:!) in var. Nidhi was best as it showed an increase of 51.41% over 
GWN<)() in var. Nidhi. Whereas, at first and second harvest all the interactions 
were statistically non-significant. 
4.4.5 Dry weight of fruit plant '-
The wastewater also enhanced the dry weight of fruit by 4.59%) and 
4.51% over groundwater at third and fourth harvest (Tables 83-86). Among 
the fertilizer treatments, N150 proved best as it increased this parameter by 
5.94% and 5.83%) over Ngo al third and fourth harvest. In both the varieties, 
var. Kaveri proved best as it showed an increase of 20.72%o, 9.51%) and 
7.18% in it over var. Nidhi at first, third and fourth harvests. The water and 
treatments were non-significant at first and second harvest, whereas varietal 
difference was non-significant at second harvest only. 
At third harvest, WWN150 in var. Kaveri proved best and statistically 
similar to GWN150 in var. Kaveri as it showed an increase of 9.69%) in dry 
weight of fruit over GWN90. While, in case of var. Nidhi, WWN150 proved 
best and statistically equal to the interaction of GWN150 in var. Nidhi as it 
increased this parameter by 10.92%) over GWN90. Whereas, all the 
interactions were statistically non-significant at first, second and third 
harvestings. 
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CHAPTER 5 
DISCUSSION 
5.1 Introduction 
In most of the part of the world, fresh water supply is limited due to 
tremendous increase in population. In India, like China, Kenya and Nigeria, 
the situation of fresh water supply is also much worse. Our per capita 
renewable fresh water supply in 1999, for instance, was less than 2,000 m' 
per annum, which is far less than that recorded for Canada and the USA and 
even Australia, Brazil and Malaysia (Anonymous, 2001). Considerable part 
of this limited quantity of fresh water goes waste in sewage, industries and 
electricity generated by thermal power plants and a wide array of chemicals. 
There has been a strong global awakening during the last few decades 
regarding the proper management of existing natural resources. Among 
them, irrigation water is one which is becoming costlier due to increasing 
demand of human population .(Khan et al., 2003). Every year, nearly 60% of 
the available water used in the world is diverted for irrigating crops. Due to 
unscientific irrigation, this figure is near about 85% which is far higher in 
Asia as it has 2/3 rd of the world's irrigation land. 
Due to scarcity of freshwater and 70% of Indian population being 
dependent upon farming, the farmers have no option other than to grow their 
agricultural and horticultural crops either under rainfed conditions or 
wastewater due to its easy availability near cities and even smaller towns. 
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Therefore, its use not only solves the disposal problem to a certain extent but 
also serves as a source of nutrients to plants. 
Simultaneously, the demand for food is also increasing, which has 
brought more and more land under cultivation and focused our attention on 
fertilizers and irrigation water. With these certain limitations, one has to turn 
to non-conventional resources to meet the irrigation water demand. Among 
others, one of the most important irrigation as well as nutrient resource is 
wastewater, which consists of about 99% water and the rest as organic and 
inorganic nutrients. Since, its disposal is a big problem in urban areas, 
applying wastewater to agricultural fields instead of disposing off in lakes 
and rivers can make crops grow better due to the presence of various 
nutrients like N, P, Ca, Mg etc. (Khan et al., 2003). 
The colossal wastage of scarce fresh water resources can thus be 
reduced. The use of wastewater is well recognized in both developing and 
developed countries and as such its controlled use can provide substantial 
ecological benefits as our water bodies can be saved if not completely, at 
least partly. The rapidly depleting energy resources and worldwide increase 
in environmental pollution have shaken many old and well established 
practices with agriculture being no exception. The energy needs of nations 
and communities are evaluated entirely on the basis of per capita 
consumption and predictions about future growth in population. It is 
established that population of India in 2025 would be 1365 million (Walker, 
1995). The government policy obviously is aimed at increasing agricultural 
productivity with less input of synthetic fertilizers to match the rate of 
population increase, as new arable land cannot be allocated to the crops due 
to rapid industrialization and urbanization leading to a decline in available 
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agricultural land. Thus, there are rigorous efforts to explore ways which 
could enhance the productivity with conserving energy resources. 
Keeping in mind the above mentioned facts, the pot experiment was 
conducted on okra {Abelmoschiis escu/enlus) with a view to augmenting its 
performance so as to study the feasibility of wastewater and at the same time 
to achieve fertilizer (N, P and K) economy. 
5.2 Varietal Response 
The effort of agricultural scientists is to exploit the genetic potential 
of crop plants through proper agricultural practices in the direction of 
maximum productivity. The present study conducted in agroclimatic 
conditions of Aiigarh was undertaken to evaluate the response of two 
varieties of okra to application of wastewater and varying levels of NPK. 
The pooled data showed that application of wastewater and NPK fertilizer is 
beneficial to both the varieties however their response are different for both: 
It is known that any crop and even among the species, the magnitude 
of difference varies under the same climate, soil and even the same 
management practices. Kaveri shows an improvement over the Nidhi in 
growth parameters such as root length (Tables 20-22), root fresh weight 
(Tables 23- 25), leaf area (Tables 14-16), shoot length (Tables 5- 7), shoot 
fresh weight (Tables8-10), root dry weight (Tables26-28), shoot dry weight 
(Tables 11-13) and flower number (Table 29-30) in all the three stages ie. 
vegetative, flowering and fruiting respectively. The same variety shows 
better performance in physiological parameters also like leaf NRA (Tables 
43-45) , CA (Tables 46-48), chlorophyll content (Tables 31-33, 34-36 and 
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37-39), carotenoid content (Tables 40-42), photosynthetic rate (Tables 49-
51), photosynthetic water use efficiency (PWUE) (Tables 52-54) and 
stomatal conductance (Tables 55-57) in vegetative, flowering and fruiting 
stages respectively. A significant increase in NPK content (Tables 58-60, 
61-63 and 64-66) of Kaveri has also been reported. The better performance 
of Kaveri may be attributed to be due to significantly higher nutrient uptake. 
The difference in the performance is attributed to be due to the reason that 
ion absorption by plants is under genetic control (Glass and Perley, 1980). 
Yoshida (1972) showed that varieties differ in their response to changes in 
their environment. Here Kaveri responds better to soil adaptability (the soil 
Ph 7.74 is adaptable for the plant), nutrition and produce high yield. 
5.3 Wastewater 
The wastewater application proved better than GW for all growth 
characteristic studies higher values for shoot length (Tables 5-7), shoot fresh 
weight (Tables 8-10), shoot dry weight (Tables 1 1-13), leaf number (Tables 
14- 16), leaf area(Tables 17-19), root length (Tables 20-22), root fresh 
weight (Tables 23-25), root dry weight (Tables 26-28) and flower number 
(Tables 29 and 30). This may be attributed to be due to the presence of some 
essential nutrients in wastewater like N, P, K, Ca and Mg (Table 1) and their 
availability to roots because of daily watering of pots after seedling 
emergence. 
Nitrogen plays an important role in vegetative growth of stem and 
leaves (Khan et al., 2003). Nitrogen also stimulates cell division, cell 
enlargement and differentiation as a result of increased nitrogen supply 
(Najoku, 1957). Leaf area is an impdrtant parameter that determines plant 
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productivity. The increased nutrient concentration increase leaf number by 
increasing cell size and number (Hewitt, 1963; Devlin and Witham, 1986; 
Gardner et al., 1985). Phosphorus is found in plants as a constituent of 
nucleic acid, phospholipid, the coenzymes like NAD and NADP, and the 
most important of all is as a constituent of ATP and other high energy 
compounds (Hewitt, 1963; Devlin and Witham, 1986). The best known 
function of potassium is its role in stomatal opening and closing. It also 
affect photosynthesis by directly increasing the growth and leaf and also 
used as a co-factor in many enzymes (Devlin and Witham, 1986; Gardner et 
al., 1985; Mengel and Kirkby, 1996). Calcium is thought to be important in 
the formation of cell membranes and also essential for cell division and 
elongation (Devlin and Witham, 1986; Gardner et al., 1985). Two very 
essential roles played by magnesium is found in the important processes of 
photosynthesis and carbohydrate metabolism. Magnesium is the centre of 
chlorophyll molecule, without which photosynthesis would not occur 
(Devlin and Witham, 1986). 
Beneficial effect of wastewater has also been reported by other 
workers namely by Rajannan and Oblisami (1979), Reddy et al., (1981), 
Singh et al., (1985), Singh and Mishra (1987), Srivastava and Sahai (1987), 
Veer and Lata (1987), Mishra and Behera (1991), Aziz et al., (1991), Hayat 
etal.,(2000). 
All physiological parameters like Leaf nitrate reducatse activity 
(NRA), carbonic anhydrase activity (CA), photosynthetic rate, stomatal 
conductance, including photosynthetic water use efficiency (PWUE), leaf 
chlorophyll content and carotenoid content were significantly enhanced by 
the application of wastewater as compared to groundwater. It may be due to 
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the presence of many important nutrients in the wastewater. For example, 
Mg, which is an important constituent of chlorophyll and K has a role in 
photosynthesis as co-factor for many photosynthetic enzymes. In addition, 
physiological roles of N, P, S, Ca and CI present in wastewater are well 
known. The most obvious function of sulfur is its participation in protein 
structure in the form of the sulfur bearing amino acids cystine, cysteine and 
methionine (Devlin and Witham, 1986). Earlier reports have also indicated 
the beneficial effect of wastewater on chlorophyll contents (Kannabiran and 
Pragasan, 1993; Karunyal et a!., 1994) and NRA (Sahai et al., 1985a: Aziz et 
al., 1993a). The enhancing effect of wastewater on CA. activity, 
photosynthetic rate, stomatal conductance and photosynthetic water use 
efUciency (PWUE) is studied by Javid (2002), Khan et al., (2003), Shahroz 
(2008). The stimulatory effect of essential nutrients present in wastewater on 
photosynthesis may be due to enhanced CA activity (Campbell, 1999). CA is 
a zinc metalloenzyme. Zn catalyses the decomoposition of carbonic acid to 
CO. and water (Khalifah, 1971; Devlin and Witham, 1986).lncreased CA 
activity would make considerable quantity of additional CO? available for 
the process of photosynthesis. Thus, CA plays an important role in 
physiological functions that involve photosynthesis (Henry, 1996; Moroney 
etal., 2001). 
These findings are in agreement with earlier reports of Iqbal el al., 
(1994), Nair and Hippalgaonkar (1996), Veer and Lata (1987). 
An important method for examining yield performance is to break the 
yield into its components (Yoshida, 1981). In the present study, application 
of wastewater proved effective in increasing fruit yield. It was likely to be 
due to the cumulative effect of increase in fruit no. (Tables 67-70), fruit 
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length (Tables 71-74), pedicel length (Tables 75-78), fresh weight of fruit 
(Tables 79-82) and dry weight of fruit (Tables 83-86). This enhancement 
may be correlated to be due to the presence of essential nutrients in 
wastewater. In addition to NPK, Mg is also an essential element as it is a 
constituent of chlorophyll molecule necessary for the activity of the two 
principal CO: fixation enzymes, phosphoenol pyruvate carboxylase and 
ribulose I, 5 bisphosphate carboxylase. It also binds the two units of the 
ribosome (Devlin and Witham, 1986). Calcium is also important as it s not 
only needed by the meristematic region but also provides physical integrity 
of membranes. The cells deprived of calcium show reduction in growth 
(Hopkins, 1995). These findings are in agreement with some of the earlier 
reports (Day et al., 1975; Veer and Lata, 1987; Aziz, 1991; Inam et al., 
1993; Samiullah etal., 1994 and Shah, 1995). 
Leaf NPK contents were noted to be enhanced as a result of irrigation 
with wastewater, like the earlier reports of Lance and Gerba (1977), Sutton 
et al., (1978), Day et al., (1979), Stamberg et al., (1984; Neilsen et al., 
(1991) and .lonathan and Wagner (1999) for other plants. This could be due 
to the additional nutrients present in wastewater which cause the 
development of larger leaf area and ultimately leads to extract more nutrients 
and water (Javid, 2002). 
Therefore, the effective absorption and subsequent utilization of these 
nutrients may be responsible for the increase in growth and yield parameters. 
Similar views have been expressed by several workers (Overman, 1979; 
Neilsen et al., 1989; Adhikari and Gupta, 2002) who cultivated different 
crops with wastewater. 
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5.4 Fertilizer 
Plant growth is a manifestation of tiie interplay of tiie meristematic 
and metabolic processes, leading to a dry matter production and an increase 
in volume and weight. It is known to be particularly enhanced by the 
application of NPK (Moorby and Besford, 1983; Marschner, 1986). Thus, 
the addition of fertilizer is proved beneficial for most of the growth 
parameters. The beneficial effect of fertilizer is also reported on okra by 
Naik (1994); Zanin and Kimoto (1980); Lanka et al., (1989); Hooda et al., 
(1980); Pandey and Singh (1979), Arora and Kumar (1986), Fayaz et al., 
(1999), Verma et al., (1971), Randhawa and Pannu (1969); Saimbhi and 
Padda (1970), Obi et al., (2005) and Singh and Kumar (1998). Nitrogen has 
not only got an important role in cell division and cell expansion but also 
present as a constituent of important biomolecules like purine, pyrimidine, 
porphyrin and coenzymes. Purine and pyrimidine are found in RNA and 
DNA whereas porphyrin is present in chlorophyll and cytochrome, essential 
for the process of photosynthesis and respiration. It is also present in 
coenzymes which are essential for the function of many enzymes (Salisbury 
and Ross, 2007; Devlin and Witham, 1986).Phosphorus is a constituent of 
nucleic acid , phospholipids, the coenzymes NAD and NADP, constituent of 
ATP and other high energy compounds. Phosphorus is a constituent of cell 
membrane in the form of phospholipid (Hewitt, 1963; Wallace, 1961; 
Witham et al., 1971). Potassium has got an important role in the stomatai 
opening and closing (Webster, 1953 and 1956; Webster and Varner, 1954). 
Potassium is essential for the enzymes involved in the synthesis of peptide 
bonds. It also acts as an activator for several enzymes involved in 
carbohydrate metabolism (Devlin and Witham, 1986).Potassium also helps 
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in leaf expansion and it is also involved in the maintenance of turgor (Huber, 
1985; Mengel and Kirkby, 1996). 
The enhancing effect of N, P and K for nitrate reductase enzyme has 
also been reported by other earlier workers like Grover et al., (1978); Hunter 
(1983); Davies et al., (1987), Srivastava and Douglas (1989) and Silveira et 
al., (2001) for NRA. The carbonic anhydrase activity and enhanced 
photosynthetic rate on the application of NPK is strongly in agreement with 
earlier workers like Edwards and Mohammad (1973); Ohki (1978); Burnell 
et al., (1990); Khan (1994, 1996) and Mohammad et al., (1997). The 
increase in these parameters can be attributed to be due to application of 
essential nutrients within limits. The larger leaf area caused due to high 
mineral status of plant leads to large surface area required for photosynthesis 
and thus ultimately higher rate of photosynthesis. Similarly, their higher 
photosynthetic water use efficiency (PWUE), a measure of high Rubisco 
activity (Vanden-Boogard et al., 1995), also could have resulted in enhanced 
photosynthesis (Das et al.,1990; Lone,2001) leading to the production of 
additional phtosynthates. This increase in photosynthesis provides a possible 
explanation for the increase in stomatal conductance, as both are usually 
highly correlated (Wong et al., 1979; Faville et al., 1999). The association of 
CA and Rubisco with photosynthetic rate is also approved by the findings of 
Majeau and Coleman (1994) and Jebanathirajah and Coleman (1998). 
Among nitrogen levels, comparatively lower dose, N120 proved 
optimum for most of the growth, physiological and yield parameters of the 
two varieties. There is a need to decide the optimum fertilizer dose for each 
crop, its different varieties and area dr type of soil where they grow. Well 
developed root system (Tables 20-25) might have enabled efficient 
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absorption of nitrogen required by the plant as their concentration was 
adequate in the soil. The supply of these essential nutrients help to increase 
leaf number (Tables 14-16), leaf area (Tables 17-19) and other growth 
parameters. Nitrogen is present in wastewater in the form of nitrate (NO3") 
and ammonium ion (NH/) (Saeed, 2004) causes enhanced growth. This is 
why N|2() is proved more effective than N150 which causes luxury 
consumption. 
The crop was fertilized with urea which is readily converted to NO;," 
and thus remains as an available form of nitrogen in soil which results in 
higher N uptake by roots and finally leads to high concentration in leaves 
(Tables 58-60). While the increase in leaf P and K content may be explained 
to be due to the synergistic interplay of these nutrients which are known to 
accelerate root proliferation, thus, extracts more nutrients present near the 
root zone leading to higher dry matter (Tables 11-13 and 26-28). Synergistic 
interaction of N and P was reported by Russell (1973) and between N and K 
by Murphy (1980). 
Yield is the final manifestation of physiological, morphological and 
biochemical traits of a crop. These traits are themselves dependent upon 
various environmental factors, including water and nutrients. Okra yield and 
yield components were least without application of N, P and K nutrients. 
This confirms findings from earlier studies in Nigeria which showed that 
application of these nutrients are important for enhanced yield of okra 
(Adediran and Banjoko, 2003; Adepoju, 1995; Akintunde et al., 2000). It is 
an established fact that N promotes vegetative growth consequently resulting 
in more yields. P and K are also responsible for better growth, maturity, 
yield and quality of the produce. All these nutrients have positive effect on 
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the performance of plants when their rate of application was increased. 
Similar results were observed by Mani and Randhawa (1980; Reddy et al., 
(1984); Arora et al., (1991) and Ayub et al., (1993). As the fertilizer dose 
was increased, number of fruits per plant were also increased. Fruit number 
depends upon intensity of growth of the plant. Higher dose should ordinarily 
be instrumental in enhancing plant growth and affect consequently the fruit 
number. Zanin and Kimoto (1980), Arora et al., (1991) and Naik and 
Srinivas (1992) also reported similar results in their respect. 
Similar findings have also been reported by Choudhary et al., (1995) 
and Sharma and Shukla (1973) indicating positive and significant affect of 
N+P+K fertilizers on fruit yield of okra. Hooda et al., (1981) and Reddy et 
al., (1984) also reported significant improvement in yield attributes of okra 
with graded levels of N and P application. 
5.5 Growth Stages 
In the experiment, shoot length, shoot fresh and dry weight, root 
length, root fresh weight and dry weight increased progressively upto the 
fruiting stage. This is a common phenomenon among most flowering plants. 
Leaf number and leaf area per plant increased upto the flowering stage and 
showed decline at the fruiting stage. Buchanan-Wollaston (1997), while 
explaining the phenomenon, argued that a leaf expands rapidly at the early 
stage, importing carbon and nitrogen and undergoing rapid protein synthesis. 
This process continues till the onset of 'senescence', which is a period of 
massive mobilization of nutrients. 
88 
Similarly, all the studied physiological activities decreased with 
increasing age of the plants except in case of photosynthetic rate, stomatal 
conductance and photosynthetic water use efficiency (PWUE) which 
increased upto flowering and showed decline at fruiting stage like leaf 
number and leaf area. However, the decrease was slower from vegetative to 
flowering and sharper from flowering to fruiting stage in rest of the 
physiological parameters. This may be attributed to be due to the 
mobilization of inorganic and organic substances from source to the sink and 
concomitant increase in leaf area causing 'dilution'. This implies that the 
density of the enzyme (CA and NRA) per unit leaf area became lesser and 
lesser with advancing age as observed by Hesketh et al., (1981), Bhagsari 
and Brown (1986) and Davies et al., (1987). The chlorophyll content, 
photosynthetic rate, stomatal conductance and PWUE decreased due to the 
leaf senescence because older leaves were unable to photosynthesize due to 
chlorophyll breakdown and loss of functional chioroplasts. Giaquinta (1978) 
also reported the similar results on sugarbeet. 
Similarly, the NPK content of leaves was found to decrease with 
increase in age of the plants, which is a common observation in most other 
plants. The reduction in the uptake rate as the plant ages may also be 
explained to be reduced nutrient influx by older and suberized roots (Barber, 
1980). Moreover, the translocation of nutrients to sinks (seeds) during their 
formation and subsequent development of fruits could be considered to be 
reasonably responsible for nutrient depletion at the later stages of growth as 
reported herein. It was also noted that leaves accumulated more amount of N 
contents (Tables 58-60) followed by P (Tables 61-63) and K (Tables 64-66). 
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5.6 Conclusion 
Keeping the results recorded in view, the following points emerge: 
1. The analysis of the wastewater revealed its suitability for irrigation as 
the values for the analyzed parameters, were within the permissible 
limits of the Indian Standards for Irrigation Water (IS: 3307-1965). 
2. As the wastewater proved beneficial for growth, yield and physiology 
of okra, it may be recommended for irrigation. 
3. Among the nitrogen doses, N120 proved optimum, while Nwdeficient 
and N|5() at luxury consumption. 
4. Among the three major nutrients, N accumulated more in leaves, 
followed by P and K. 
5. It was noted that shoot length, shoot fresh and dry weight, root length, 
root fresh and dry weight increased with increasing age of the plants. 
6. Contrary to the above observations, leaf number, leaf area, 
photosynthetic rate, stomatal conductance and photosynthetic water 
use efficiency (PWUE) increased upto flowering stage only and 
decreased at fruiting. 
7. It was also noted that chlorophyll content, carotenoid content, TsIRA, 
CA and leaf NPK content decreased with increasing age of the plants. 
8. Both Nidhi and Kaveri varieties grew well under wastewater irrigation 
but the Kaveri performed comparatively better and may, therefore, be 
recommended to the local farmers for the cultivation under the 
wastewater irrigation along with 120 kgN ha" . 
9. Finally, the better performance of this crop confirmed the suitability 
of the wastewater as a source of irrigation as well as nutrients (Table 
1). Thus, the wastewater may therefore be utilized profitably for 
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agricultural purpose where such waste resources are easily and freely 
available. 
5.6 Proposal for Future Studies 
The observations recorded during one year have helped to some extent 
in observing the utility of the wastewater and in determining the optimum 
dose of N for obtaining optimum yield of okra. However, in my opinion, the 
study has some shortcomings, which may be undertaken on the following 
lines in future, studies: 
1. More varieties must be tested than the present two. 
2. Microbiological studies of the wastewater and soil as well as the 
seasonal variations in wastewater composition may also be 
undertaken. 
3. Presence of important heavy metals in wastewater may be estimated 
in plant tissue. 
4. The experiment may be repeated in the farmer's fields adjacent to the 
wastewater reservoir at Aligarh for the confirmation of the data 
recorded and to convince the farmers for the utility of wastewater. 
91 

CHAPTER 6 
SUMMARY 
The importance of the problem "Effect of wastewater on growth and 
productivity of Okra" has been briefly considered. In view of the lacunae in the 
understanding of this problem, justification has been put forward for undertaking 
the present work (Chapter 1). 
A brief review pertaining to the wastewater as well as their effect on plants 
and fertilizer requirement with special reference to okra {Abelmoschus esculentus) 
(Chapter 2). 
The details of the materials and methods employed for the pot experiment 
have been given with the relevant meteorological and edaphic data (Chapter 3). 
The data which were found significant on statistical analysis at 5% level 
according to the design of experiment have been considered in detail (Chapter 4). 
The pooled data of the experiment are summarized below: 
The experiment was conducted on Nidhi and Kaveri varieties of okra 
respectively during rabi season of 2008 to study the comparative effect of 
wastewater (WW) and groundwater (GW) together with three levels of nitrogen 
(Nc;() Ni2(). Ni5()). WW proved beneficial for most of the parameters studied. Of 
nitrogen doses, Ni^ o was the optimum dose while N90 deficient and N150 at luxury 
consumption. The pooled data revealed that Kaveri responded better than Nidhi. 
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The main results have been discussed in the Ught of earlier research work 
carried out by other workers at Aligarh and elsewhere (Chapter 5). In the end, 
conclusions have been drawn and finally some suggestions have also been 
incorporated for future work. 
Summary, the present chapter, gives the glimpse of the entire study. It was 
followed by a bibliography comprising references cited in the text and an appendix 
of reagents used during the present study. 
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APPENDIX 
The reagents and chemicals used in various determinations were prepared 
according to the following methods. 
(A) Reagents for Soil Analysis 
1. Available Pliospliorus: 
(i) Olsen's reagent 
42.0 gm of sodium bicarbonate was dissolved in double distilled 
water to give 1000 ml of the solution. The pH was adjusted to8.5 with the 
addition of small quantity of sodium hydroxide. 
(ii) Dickman and Bray's reagent 
15 gm of ammonium molybdate was dissolved in 300 ml of warm 
water (about 60°C). It was then cooled and filtered. To this, 400 ml of 10 
N HCl was added and finally the volume was made up to 1000 ml. 
(iii) Stannous chloride solution 
10 gm of crystalline stannous chloride was dissolved in 25 ml of 
cone. HCl and stored in an amber colored bottle. This was 40% stannous 
chloride solution. Just before use 0.5 ml was diluted to 66 ml with double 
distilled water. 
(iv) Sulphuric acid (7N) 
19.6 ml sulphuric acid was added to double distilled water and the 
final volume was made up to 100 ml. 
2. Calcium: 
(i)EDTA solution (O.OIN) 
2.0 gm of ethylene di amine tetra acetic acid was dissolved in 
double distilled water and final volume was made up to 1000 ml. 
(ii) Miircxide iiiclicator 
0.2 gm of ammonium purpurate was mixed with 40 gm of 
powdered potassium sulphate. 
3. Magnesium: 
(i) Eriochrome black T indicator 
0.5 gm dye was mixed with 100 gm 2, 2, 2, nitrilo triethanol: 
4. Cation Exchange Capacity (CEC): 
(!) Sodium hydroxide solution (0.1 N) 
4 gm of sodium hydroxide was dissolved in distilled water and the 
final volume was made up to 1000 ml with double distilled water. 
5. Carbonates and Bicarbonates: 
(i) Phenoiphthalein indicator 
0.5 gm of phenoiphthalein was dissolved in 50 ml of 95% ethanol 
and 50 ml of distilled water. 
(ii)O.OlNSuiphuricacid 
0.272ml sulphuric acid was diluted in double distilled water and 
fmal volume was made up to 100 ml. 
(iii) Methyl red indicator 
0.5 gm methyl red was dissolved in 95 ml ethyl alcohol and 5 ml 
double distilled water. 
(B) Reagents for Water Analysis 
1. Biological Oxygen Demand (BOD): 
(i)Manganous sulphate solution 
40 gm of manganese sulphate was dissolved in double distilled 
water and volume was made up to 100 ml. 
(ii)Alkali azide reagent 
A mixture of 50 gm of sodium hydroxide and 13.5 gm of sodium 
iodide was diluted to 100 ml with double distilled water. 1 gm of 
sodium azide was dissolved in 4 ml of double distilled water and added 
to the above solution. 
(iii) Sodium thiosulphatc solution 
2.48 gm of Na2 S2 O3 was dissolved in 100 ml of distilled water and 
diluted to about four times. 
2. Chemical Oxygen Demand: 
(i)Standard Potassium Dichromate solution 
12.259 gm potassium dichromate was dissolved in double distilled 
water and final volume was made up to 1000 ml. 
(ii)Standard ferrous ammonium sulphate 
39 gm standard ferrous ainmonium sulphate was dissolved in double 
distilled water. 20 ml of concentrated sulphuric acid was added and volume 
was made up to 1000 ml. 
(iii) Ferroin indicator 
1.485 gm of 1, 10 phenanthroline monohydrate together with 495 
gm FeS04 was dissolved in double distilled water and volume was made 
up to 100 ml. 
3. Total Hardness: 
(i) EDTA (0.01 M) 
3.723 gm EDTA dehydrate salt was dissolved in double distilled 
water and diluted to 1000 ml. 
4. Calcium: 
(i) Sodium hydroxide solution (IN) 
4 gm of NaOH was dissolved in double distilled water and finally 
volume was made up to 100 ml. 
(ii) Ammonium purpurate indicator 
150 mg ammonium purpurate was dissolved in 100 ml ethylene 
glycol. 
Ill 
5. Carbonates and Bicarbonates: 
(i) Plienolphtahlein indicator 
0.5 gm of phenolphthalein was dissolved in 50 ml of 95% 
ethanol and 50 ml of distilled water. 
6. Chloride: 
(i) Potassium chromate indicator solution 
50 gm K2Cr204 was dissolved in double distilled water and 
silver nitrate solution was added till a definite orange red precipitate 
appeared. After this, it was filtered and diluted to 1000 ml with double 
distilled water. 
(ii) Standard silver nitrate titrant (0.141 N) 
2.395 gm AgN03 was dissolved in double distilled water and 
diluted to i000 ml. 
7. Nitrate Nitrogen: 
(i) Sulphanilic acid solution 
600 mg sulphanilic acid dissolved in 70 ml warm DDW. After 
addition of 20 ml concentrated HCl , the volume was made upto 100 ml. 
8. Phosphorus: 
(i) Ammonium molybdate solution 
(a) 25.0 gm of ammonium molybdate was dissolved in 175 ml of 
double distilled water (b) 280 ml of concentrated H2SO4 was added to 400 
ml of double distilled water and cooled. The two solutions (a) and (b) were 
mixed and diluted to 1000 ml. 
(C) Reagents for Plant Analysis 
1. Nitrate Reductase Activity (NRA) 
(i) 0.1 M Phosphate buffer (7.4pH) 
27.2 gm of KH2P04and 45.63 gm of K2HPO4.7H2O were dissolved 
separately in 1000 cm' of DDW. The above solutions of KH2PO4 and 
K2HPO4.7H2O were mixed in the ratio of 16:84. 
IV 
(ii) Isopropanol (SVo) 
5 cm' of isopropanol was pipette into sufficient DDW and final 
volume was made upto 100 cm\ using DDW. 
(iii) 0.2 M KNO., 
20.2 gm of KNO3 was dissolved in sufficient DDW and final 
volume was made upto 1000 cm\ using DDW. 
(iv) 1% Suphanilamide 
I gm of sulphanilamide was dissolved in 100 cm' of 3N HCl. 3N 
HCI was prepared by dissolving 25.86 cm"' of HCl in sufficient DDW and 
final volume was maintained to 100 cm^, by using DDW. 
(v) 0.02% N-1 iiaphthyl-ethylene-diamine dihydrochloride (NED-HCl) 
20 mg of NED-HCl was dissolved in sufficient DDW and final 
volume was made upto 100 cm^ by using DDW. 
2. Carbonic Anhydrase Activity (CA) 
(i) Cystein hydrochloride solution (0.2M) 
48 gm of cystein-HCI was dissolved in sufficient DDW and final 
volume was made upto 1000 cm"^ ' by using DDW. 
(ii) Sodium phosphate buffer 
27.8 gm of NaH2P04 and 53.65 gm of Na2HP04 was dissolved each 
separately in sufficient DDW and final volume was made 1000 cm^51 cm' 
of NaH2P04 and 49 cm^ Na2HP04 were then mixed to get the required 
solution. 
(iii) Alkaline sodium bicarbonate solution 
16.8 gm of sodium bicarbonate (NaHC03) was dissolved in 
aqueous 0.2 M NaOH solution {0.8 gm of NaOH (1000 cm^)''}and final 
volume was made upto 1000 cm^, by using DDW. 
(iv) 0.002% Bromothymol blue 
0.002 gm of bromothymol blue was dissolved in sufficient DDW 
and final volume was made upto 100 cm^, by using DDW. 
(v)0.05NHCI 
0.86 cm' of pure HCl was pipette in sufficient DDW and final 
volume was made upto 100 cm', by using DDW. 
3. Chlorophyll Estimation 
80% acetone was prepared by mixing 80 cm^ of acetone with 20 
cm'of DDW. 
4. Estimation of Nitrogen, Phosphorous and Potassium 
(!) 2.5 N Sodium hydroxide 
10 gm of sodium hydroxide was dissolved in 100 ml distilled 
water. 
(ii) 10% Sodium silicate reagent 
10 gm of sodium silicate was dissolved in 100 ml of distilled 
vv'ater. 
(iii) Molybedic acid reagent (2.5) 
6.25 gm of ammonium molybdate will be dissolved in 175 ml 
double distilled water, to which 75 ml of 10 N sulphuric acid will be added. 
(iv) l-amino-2-naphthol-4-sulphonic acid 
0.5 gm of l-amino-2-naphthol-4-sulphonic acid will be added in 
195 ml of 15% sodium bisulphate solution to which 5 ml of 20% sodium 
sulphate solution will be added. The solution will be kept in amber coloured 
bottle. 
(v) 15yo Sodium bisulphate solution 
15 gm of sodium bisulphate solution was dissolved in 100 ml of 
double distilled water. 
(vi) 10 N Sulphuric acid 
Enough double distilled water was added to 25.25 ml of H2SO4 
to make its volume upto 100 ml. 
VI 
